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Abstract
A quick, inexpensive technique has been developed for the analysis of a
full aircraft configuration with iced surfaces. A comprehensive literature
search of icing analysis methods is presented. Viscous effects for the flow
field about an airfoil with an iced leading edge are accounted for in a thin-
layer Navier-Stokes code (ARC2D). A panel code (PMARC) solves the flow
field away from the body. The results of the airfoil analysis represent the
near-field solutions and are used to modify the boundary conditions in the
three-dimensional calculations with the panel code by matching the local
circulation. This process is repeated until the total lift coefficient between
successive iterations differs by less than a specified value. Comparison
with viscous experimental data shows excellent results for lift coefficient
and a strong improvement over the basic PMARC for drag and pitching
moment coefficients. For the full configuration considered, with ice
simulated on the horizontal tail, pitching moment data predicts a very
sudden unstable pitch break above angle of attack = 8°. This tendency
models the pitch tendency described in the literature for a similar
configurations with an iced horizontal tail. Thus, a quick method has
been developed to handle a full configuration with viscous effects.
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Chapter 1
Introduction
The effect of airframe icing on aircraft handling qualities and
performance is a concern for the majority of aircraft operators. According
to the National Transportation Safety Board: “Aircraft structural icing is
primarily a problem for the smaller commuter, air taxi and general
aviation aircraft. ... Of the approximately 210,000 general aviation
aircraft registered in the United States [in 1981], only about 12,000 have
been issued certificates by the FAA for flight into known icing
conditions.”l Yet pilots encounter airframe icing unexpectedly and icing is
implicated in many accidents each year. From the yearly reviews of
aircraft accident data, a significant percentage of the general aviation
aircraft accidents due to weather cite “icing conditions” as a cause or
factor.2-4
Airframe icing is not just a concern for operators of “small” or “light”
aircraft: there are many instances of loss of control or fatal crashes of
transport aircraft due to icing. (References 5 through 9 provide a short list
representative of the many air transport accidents due to icing.) These
accident investigations provide data showing the effects of icing on the
aircraft performance and handling qualities through the data recorders on
the incident aircraft. The amount of ice contamination necessary to
significantly affect the airflow over a control or lifting surface is very
small. The Fokker F.28, e.g., encounters a “25% reduction in maximum

lift and a 6° lower stall angle of attack. The test, with contamination




equivalent to ice particles 1-2 mm in diameter about one particle/cm,
replicated a 1969 incident...”8

As recently as October 1992, the FAA, in an article to airman,
discussed the “number of fatal and non-fatal accidents and incidents of
uncommanded pitch-down resulting from tailplane stall during or
following flight in icing conditions.”10 This article states: “Ice induced
tailplane stall accidents of record have occurred with reported ice
accretion from 3/16 to 1 inch thick on the leading edge of the tailplane”10.
The most insidious part of icing phenomena is that “Tailplane ice without
wing ice is possible”10 due to the different physical layouts of different
airplanes, i.e. tail immersed in the propwash, differences in leading edge
radii of the wing and tail, etc. The article concludes by stating: “Pilot
action resulting from proper training using appropriate information can
have an immediate benefit in minimizing the hazards of ice induced
tailplane stall.”10 Pilots could gain experience flying with an ice
accumulation through simulator training. The aircraft’s stability and
control characteristics could be developed for input to the simulator if a
computer program existed to model a complete configuration with ice
accumulations. This need is also suggested in Reference 14 and discussed
later in this section.

Typically, icing effects are greatest when the aircraft is flying at an
angle of attack different from the one at which the ice was accreted.
Usually the ice is accreted at a fairly low angle of attack, e.g., during
cruise or descent. Then the aircraft flies at a higher angle of attack, e.g.,

on approach or during a go-around or a subsequent takeoff. The built-up




airframe ice causes flow separation from the unprotected or poorly
protected lifting or control surfaces. This can lead to aircraft pitchup and
stall or uncontrolled lateral-directional motion. The ability to predict this
motion quickly would greatly aid in the design of the control system.

The Federal Aviation Regulations11,12 (F. A R.’s Pt. 23 & 25) require
that “An analysis must be performed to establish ... the adequacy of the
ice protection system for the various components of the airplane.”
Ferrario and Wallis13 give excellent insight into the workings of an icing
flight test program. Through this report, one can understand the time
consuming and dangerous nature of certifying an aircraft for flight into
known icing conditions. The flight test program involves testing the
aircraft with simulated ice shapes, with system failures and flight in
actual icing conditions. The currently unpredictable nature of this testing
is a major contributor to the hazardous nature of this testing. A tool to
conduct some of this analysis at minimum expense could shrink the flight
test matrix and reduce program cost.

What is the physical phenomena related to ice formation on the
leading edge of a wing? Two general types of ice form on the wing surface
based on the rate at which the supercooled water droplets freeze. At
colder temperatures, approximately -8°C and below, a dry growth (rime)
ice forms and conforms to the shape of the leading edge. Due to the
streamline nature of this ice formation, it does “not adversely affect lift
and drag characteristics of the airfoil.”14 At temperatures just below
freezing and at a higher liquid water content, glaze ice forms. “At these

temperatures, water droplets do not freeze immediately after




impingement, but run first on the profile upward or downward from the
stagnation point before freezing.... The result is a deposit of ice with two
horn-like protrusions...Such an ice shape is aerodynamically very
unfavourable.”14 Other factors affecting the shape of ice formed include:
airspeed, drop size and liquid water content of the cloud, shape of the
surface and angle of attack.

Leading edge icing greatly distorts the shape of an airfoil. Figure 1,
from icing tunnel experiments, shows the dependence of ice shape on
temperature and liquid water content (LWC). Though there is a
dependence on ternperature and LWC, the mass of the ice shape and the
general form of the shape are reasonably constant away from the freezing
level.15 Thus, modeling one ice shape can cover a range of temperatures
with little loss of generality.

O AIRSPEED. 209 xav/wr: L, 1.3 g/n°: TINE, § min

SIS SSE SSSSS

TOTAL

TOPEATIRE 26 2% -18% -15% 2% 8% 5% -29% 1% 0%
O AIRSPEED, 338 xa/hm: LMC. 1.05 g/n’; TIFE, 6.2 min

L T

TEMPERATURE -7 % -12%

Figure 1. Ice Shapes
(Copied from Reference 15)

Due to the physical aspects of flow over an iced airfoil, a viscous
analysis of the flowfield is necessary. Figure 2 shows the pertinent
aspects of this flowfield. These key aspects include: the ice shape, or
“horn”, a separated flow zone and a thick distorted boundary layer. The




horn formation, with its accompanying surface roughness, varies due to
the type of ice formed. The type of ice formed is based mainly on
temperature of the air and the airfoil surface. Behind the “horn” is a
separated flow zone which can occur on either the upper or lower surface
depending on two factors:

(1) the angle of attack at which the ice was formed and

(2) the angle of attack at wl.ich the aircraft is now flying.
Finally, there is a thick distorted boundary layer which alters the airfoil

shape further as well as increases the drag.
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Figure 2. Key Aspects of Airfoil and Wing Icing
(Copied From Reference 15)

Current analysis methods dealing just with an airfoil are not
adequate to satisfy the requirements of the F.A.R.’s regarding certification
of an aircraft. What is needed is the capability to model the whole
aircraft. Bragg and Gregorekl6 provide an analytical scheme using the

component buildup method. Limitations to this scheme include:




(1) using empirical correlations which “must come from wind
tunnel or flight tests”16 (Thus the results are very model dependent.);
(2) dealing only with the lift and drag of the iced aircraft and not

the moments that affect the handling qualities.
Potapczuk et al.17 provide a step toward three-dimensional ice accretion
by modeling the ice accretion for a swept wing. This is a first step toward
modeling the accretion of ice on a complete aircraft, but the results don’t
compare well with the 2-D data. Currently attempts are being made to
model the entire iced aircraft in a viscous medium, but are meeting with
limited succes.s.18 Thus analysis of a complete aircraft with icing is not
available yet.

Three-dimensional computation with the full Navier-Stokes
equations for an entire aircraft is the ultimate solution due to the
separated flows involved. These calculations would be very time
consuming both in generating the grid for the flow solver and in the
computing time required for the solution. A quick, less expensive solution
involves the use of a panel code, like PMARC (Panel Method, Ames
Research Center), to model the entire aircraft. But potential flow
methods cannot model the rotational flow in the separated wake behind
the ice shape. Therefore, the proposed approach is to use a Navier-Stokes
code (ARC2D) to provide the near field solutions for a panel code (PMARC)
as described under Theoretical Development.

Such a tool would meet one of three key objectives of NASA’s Icing
Technology Program: “numerically simulate an aircraft’s response to an

inflight icing encounter.”19




Chapter 2
Review of Literature

This section will provide a review of pertinent literature.
Experimental testing will be discussed first, followed by a discussion of
analytical results.

2.1 Experimental

Much experimental work has been reported on the effect of ice
accreted to the leading edge of airfoils and wings. Bragg and Gregorek1®
used the “component buildup” method to estimate the effect of ice
accretion on the performance of aircraft. In their method, they used
existing component data and empirical correlations (or experimental 2-D
data) to predict aircraft performance with ice. This method relies on a
large database developed from experimental testing including flights into
icing encounters.

To develop this part of the database, NASA Lewis Research Center
has a Icing Research Tunnel (IRT) which simulates the effects conducive
to airframe icing to determine the effects on airfoil performance.
Bidwell21, as one example, used the IRT to determine icing characteristics
(shape and drag increase) of three different airfoils. These shapes can be
used to model ice accretion. Because of the effects of icing tunnel
conditions on experimental equipment, most flowfield measurements for
an iced airfoil have been made in a “clean” tunnel using a simulated ice
shape which closely models the shapes developed in the icing tunnel. This
is exactly what Bragg20 and Bragg, et al.22 did to conduct their

investigations. Bragg, et al., used ice tracings to duplicate the ice shapes




and drag measurements to verify their methods. (Drag is the only value
which can be directly measured during ice accretion in the IRT.) Bragg
used these shapes attached to the leading edge of a NACA 0012 to take
pressure, lift, drag and moment measurements at a variety of angles of
attack and Mach numbers. The effect of an iced shape on ¢}, ¢4, and ¢y
is compared with the data for a “clean” (no ice shape attached) NACA 0012
from Abbot and von Doenhoff38 in Figure 3.

In these figures, one can see the reduction in both lift curve slope and
Clymaxfor the iced airfoil. These reductions along with the large increase in
¢4 are attributed to the massive separation region behind the “horns” of
the iced shape. Notice the large increase in drag coefficient and large
change in pitching moment due to the distorted pressure distribution
behind the iced shape.




—u— Clean NACA 0012 Airfoil —o— Jced NACA 0012 Airfoil

1
0.8
0.6
0.4

Cl' Lift Coefficient
o
N

0 T T T —7T T T 1
0 2 4 6 8 10 12 14

0.2 Angle of Attack, degrees

C,, Drag Coefficient

c/4- Fitching Moment
S o
Q Q
> N

g
U -0-06 AN B AN SR S A i R S ARG S BN R S
0 0.2 0.4 0.6 08 1

C,, Lift Coefficient

LARSEL AL R R A LB

—

Figure 3. Effect of Iced Shape on cj, ¢d, ¢myy for a NACA 0012 Airfoil
(Clean Airfoil Data from Ref. 38, Iced Airfoil Data from Ref. 20.)




Korkan?23 extended this work to take into account Reynolds number
effects in terms of Acq , Ac, Ay and Acp, o/4 due to ice accretion for a
generic ice shape. Flemming and Lednicer24 moved the experimental
database for both accreted ice and simulated ice into the high-speed
regime, considering Mach numbers up to 0.7. These results improve the
prediction capability for ice thickness, lift, drag and pitching moment by
increasing the number of parameters considered to predict the type of ice
formed. The method breaks down in the approach to stall regime.

Bragg, et al.25 extended simulated icing force measurements in the
third dimension by considering both straight and swept wings with
simulated ice. Flow visualization from this study shows the
three-dimensional nature of the flowfield about the iced swept wing.

To meet certification requirements, much full-scale testing of icing
effects on aircraft has been accomplished, but most of this data is
proprietary. Laschka and Jessel4 discuss the decision-making process
and testing required to certify the Airbus A300 without de-icing or
anti-icing protection on the tail surfaces. This investigation showed that
tail icing did have an effect on the handling qualities of the aircraft, but
“not too serious”14 an effect.

Ranaudo, et al.26 performed tests to determine the accuracy with
which the effects of icing could be measured for aircraft longitudinal
stability and control. In this study they stated that even if the aircraft is
equipped with energy-efficient deicing systems, they “...will have to
demonstrate acceptable flying qualities with some leading edge
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contamination...”26 From this study, it was determined that the main
effect of icing is at low speed.
2.2 Theoretical

There are two favored methods to perform the viscous analysis of an
airfril with a leading edge ice shape attached: the interactive
boundary-layer method and solution of the Navier-Stokes equations.

Cebeci28 uses the interactive boundary-layer(IBL) method to
calculate the viscous effects of an iced airfoil. In this method, an inviscid
conformal mapping solution is made about the airfoil. Then, the boundary
layer equations are solved for this pressure distribution. This
boundary-layer sclution modifies the airfoil shape and the cycle is
repeated. Cebeci29, et al., have applied this technique to calculate the
forces and moments for an airfoil with an ice accretion shape developed by
LEWICE. (LEWICE is a computer program developed at NASA Lewis
Research Center to simulate the accretion of ice on an airfoil.) This
method requires some “adjustment” to the iced shape to smoothly
introduce the airfoil with this iced shape into the calculations.

Potapczuk2? used ARC2D (Ames Research Center, Two
(2)-Dimensional), a thin-layer Navier-Stokes code, to calculate the forces
and moments on a NACA 0012 airfoil with leading edge ice. The
NACA 0012 model was modified to have a leading edge ice shape that had
the gross cross sectional features of an ice shape grown in the IRT, but
also had a geometry that could be accurately digitized to allow input to the
flow analysis codes. This study states: “Computational results agree well

with experimental information at angles of attack below stall.”27
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Reinmann et al.15, in a NASA summary paper on icing research, indicate
that both methods predict lift and drag coefficients well at low angles of
attack (a < 6°), but “the IBL code appeared inadequate at the high alphas.
At these higher angles of attack the ARC2D code predicted unsteady
flow.” This report aided in the decision to use ARC2D to provide the

viscous analysis.
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Chapter 3
Theoretical Development

The primary objective in this research is to compute the longitudinal
aerodynamics for a complete airplane configuration with iced lifting
surfaces. Right now, there are no simple and inexpensive methods that
can deal successfully with this problem. This section provides a
theoretical development of the programs to be used in this research.
These programs include: ARC2D, a viscous flow analysis code, PMARC, an
inviscid panel code and GRAPE, a grid generation code.

The proposed method is to use a panel code (PMARC)30,31 to model
the complete configuration, while the icing effect on a lifting surface is to
be calculated with a two-dimensional Navier-Stokes code (ARC2D)32.
How these two solutions are utilized to obtain the final results for a
complete airplane configuration represents the important contribution of
this research.

3.1 ARC2D

The viscous effects on an iced airfoil will be precomputed using
ARC2D and stored in a “lookup file” to be referenced by PMARC. ARC2D
is based on the thin-layer Navier-Stokes equations in two-dimensions32,

The strong conservation form of the two-dimensional Navier-Stokes
equations in Cartesian coordinates and nondimensional form can be
written as follows:

3Q+0.E+9,F=Re(3.E.+0,F.) 3.1

where:
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p pu [ pv
L uv
o=|P“le=|" P r<| © (3.22)
pv puv pv:+p
e u(e + p) Lv(e +p)
0 0]
E="|F=|" (3.2b)
To Ty
fa 84 ]
with
T = },l(4ux - 2v,)/3
txy = u(ux - Vy)
Ty = W(-2u: +4v,)/3 (3.2¢)

fo=UTa+VTy+UPr(Y—1)7"0,4°
8y =UTy+ VT, +UPr (Y= 1)70,a’

The equation of state relates the flow variables, Q, to pressure:
p=(y- 1)(e - %—p(u2 + vz)) (3.3)
In ARC2D the primary variables, p (density), u v (Cartesian velocities),

and e (total energy), are non-dimensionalized as:

L y=L =" (3.4a)
a.” a, p.a

- P .
p=—,u=
P..

Time is nondimensionalized as f =*{, where [ is a characteristic length.

The viscous coefficients are non-dimensionalized as:

=t Re=Pelfe (3.4b)
" .

Note that R, uses a.., therefore Re, based on u.. (the usual form for

experimental data), must be scaled by M., =u. /a... For the remainder of

the development, the ~ will be dropped for simplicity.
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Equation (3.1) can be transformed from Cartesian coordinates to

general curvilinear coordinates where
T=1

&=E(x,y,1) (3.5)
n=n(x,y,t)

The transformations are chosen so that the grid spacing in the curvilinear
space is uniform and of unit length. Chain rule expansions are used to

represent the Cartesian derivatives d, and d, of Eq. (3.1) in terms of the

curvilinear derivatives:

3, 1 & nla,
2. (=0 & .| (3.6)
9, 0 & njd,

Therefore, applying Eq. (3.6) to the Navier-Stokes Equations,
Eq (3.1), one gets
0.Q+8£0,Q+n0,Q0+E,0,E+n,0,E+§ 0. F+n0,F=
Re-l(g,ags,, +1,0,E, +&,3,F, + nya,,p,,) @D
To this equation in generalized curvilinear coordinates, one can apply
the thin-layer approximation. This approximation requires that:

(1). All body surfaces be mapped onto coordinate surfaces

(2). Grid spacing is clustered to the body surfaces such that
sufficient resolution for a particular Reynolds number is obtained.

(3). All the viscous derivatives in the &-direction are neglected,
while the terms in the n-direction are retained. All of the inviscid
terms are used.

After applying this approximation to Eq. (3.7), one obtains:
3:Q+3E+3,F =Re 3,5 (3.8)

where
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p [ pU ] pV
- LIPUl - - puU+§1p - _ puv+nxp
=JY | E=J" E=J7 3.9a)
Q pv pvU+§ p pvV+n,p (
e \Ule+p)-§,p V(e+p)-np
with
U= +Eu+Ey, V=n,+nu+nyo (3.9b)
and
) 0 _
§=J s (3.9¢)
= : .9¢c
nxrn‘l +‘nym3
| N, (wmy + vy +m,) +n (umy +vmy +mg)
and

my = p(4n,u, —2n,v,)/3
m, =p(n,u, +1,v,)
m, = u(—anun + 4nyvn) 3 (3.9d)
ms=UPr (Y —1)7n,0,(a’)
=uPr'(y-17"n,3,(a")

ARC2D uses the Baldwin-Lomax turbulence model which was
specifically designed for use with the thin-layer approximation.32 This
model is appropriate to attached and mildly separated boundary layers.
Other turbulence models have been applied to the icing problem. In the
study by Shaw, et al.33, the Johnson-King and the k-e models were tested
with no noticeable effect. This study does conclude that “Limitations ...
include ... turbulence modeling."33 Potapczuk27 used ARC2D with this
turbulence model and had good success in modeling the simulated ice

shape to a=7°.

17




ARC2D uses an implicit approximate factorization finite difference
scheme which can be either first or second order accurate in time. Local
time linearizations are applied to the nonlinear terms and an approximate
factorization of the two-dimensional implicit operator is used to produce
locally one-dimensional operators. Approximate factorization is
introduced because integration of the full two-dimensional operator is “too
expensive.”32 The spatial derivative terms are approximated with second
order central differences. Explicit and implicit artificial dissipation terms
are added to achieve nonlinear stability. A spatially variable time step is
used to accelerate convergence for steady-state calculations.32

One arrives at the approximate factored form of the Eq (3.8) by
applying an implicit three point finite difference scheme of the form32:

L vyt
(3.10)
+o[(13 —% -Q)A + At’]
where:
AQ =Q™ - Q" (3.11a)
and
Q" =Q(nAt) (3.11b)

The parameters O and ¢ can be chosen to produce different schemes of

either first or second order accuracy in time. If 8=1 and ¢ =12, this
scheme is second order in time.

Therefore applying Eq. (3.10) to Eq. (3.8) results in:
Q™ -Q" + h(E;' + Fr ~Re™ 1 §7) = 0 (3.12)

18




with h=At.

We wish to solve Eq. (3.12) for O™, given Q". The flux vectors E, F
and S are nonlinear functions of Q and therefore, Eq. (3.12) is nonlinear
in Q™. ‘The nonlinear terms are linearized in time about Q" by a Taylor
series such that

E =E"+ A"AQ" + O(H?)
E™ = F"+ B"AQ" + O(K?) (3.13)
Re'§™ =Re™ [§" + ]”M”AQ"]+O(h2)
where A = az?:/ 30, B= 813/ 90, and M = a§/ 9Q are the flux Jacobians and
AQ" is O(h).
Applying Eq. (3.13) to Eq. (3.12) and combining the AQ" terms

produces the “delta” form of the algorithm
[1+ 43, A"+ 40, B" ~Re™ 3, M|AQ" =
(3.14)
~h(3,E"+3,E"-Re"3,5")
This is the unfactored form of the algorithm. The right hand side of
Eq. (3.14) is called the “explicit” part and the left hand side the “implizit”
part. The implicit part can be factored into two one-dimensional operators
as
[1+hd,A" + 3, B" ~Re™ b3, M|AQ" =
[1+h9,A" ][I+ ha,B" ~hRe3,J"M" |aQ" (3.15)
E-—direcgon termJ b n-dirct‘iron term ’
-h'3,A"3, B"AQ" -h*Re™ 3, A"3 ] 'M"AQ"

Cross Term

The cross term is second order accurate since AQ" 1s O(h). It can

therefore be neglected without degrading the time accuracy of any second

order scheme which is chosen.

19




The resulting approximate factored form of the algorithm is

[1+no,A"|1+h,B" -hRe™ 0, ) M |AQ" =
(3.16)
~h(d,E" +3,F" ~Re2,5")

And this allows the solution to consist of two one-dimensional
sweeps, one in the E—direction and one in the n-direction. The resulting
process is much more economical than the unfactored algorithm in terms
of computer storage and CPU time.

3.2 PMARC |

PMARC (Panel Method Ames Research Center30:31) is the panel
code which will be used to model the region away from the airplane. This
code was derived from VSAERO34 by including various improvements.
These improvements3! are summarized as follows:

(1). In the PMARC code, the wake generation and relaxation
schemes used in the VSAERO code are replaced with a time-stepping
wake model. This allows the user to specify a prescribed motion for the
paneled geometry.

(2). The time-stepping routines allow either unsteady or steady
motions to be prescribed. Also, the time-stepping wake makes it
possible to compute aerodynamic data for complete aircraft
configurations going through maneuvers.

(3). “A data management scheme has been devised for PMARC
which seeks to maximize the number of panels the code can handle
while minimizing the amount of memory and disk scratch space

required to run the code.”3! Specific aspects of the data management
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scheme include use of variable dimensioning for all major arrays
within the code, creation of a memory saving common block in which to
store arrays local to a subroutine, provision of a reasonable balance
between the amount of memory used and the amount of disk scratch
space used, and elimination of redundancy of variables both within the
code and the plot and output files.

(4). The PMARC code has adjustable arrays for all the geometry,
wake, and solution-related arrays. This allows the user to customize
the size of the code to fit his particular needs and hardware capacity.

(5). In developing PMARC, many of the disk scratch files, that
VSAERO used, were removed to conserve memory. Removal of the
disk I0 statements and use of common blocks to pass information
between subroutines greatly streamlines the coding and produces a
faster running code.

(6). The aerodynamic data section of the output file from PMARC
has been reorganized to add new options to the panel aerodynamic
data printout and to separate the force and moment data from the
panel aerodynamic data.

In PMARC, the flow field is assumed to be inviscid, irrotational, and

incompressible. (The following development closely follows the

development of Ashby3l.) The body is modeled as a closed surface that

divides the flow field into two regions, an external and an internal region.

A velocity potential is assumed to satisfy the Laplace equation where:

Vio=0, (3.17)

| applies in the external region and

21




Ve, =0, (3.18)
applies in the internal region.
By applying Green’s Theorem, the potential at any point, P, may be

evaluated:

1 - of 1 1
o=k [J@-0)v(}Has-L ]

(%)ﬁ-(Vcb-vq:i)ds (3.19)
S+WssS. sewes, \T
where 7 is the distance from the point P to the element dS on the surface
and n is the unit normal to the surface pointing into the flow field of
interest. Physically, the first integral represents the disturbance potential
from a surface distribution of doublets and the second integral represents
the contribution from a surface distribution of sources.
In the development of PMARC, this equation is simplified through
the following assumptions:
(1). On the surface at infinity, the perturbation potential due the
body is zero, leaving only the uniform onset flow.
(2). The wake is thin and there is no entrainment so the source
term for the wake is zero and the jump in normal velocity across the
wake is zero.

Applying these assumptions, the simplified equation is:

1 . 1 1 1).
@, = 5 lf@-0¥(Z)as- | ()i vo-vo)as
(3.20)
1 s of 1
+E‘g(¢u -0 )n V(;—)ds+¢-,
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When performing the integration, the point P must be excluded if it
lies on the surface. Assuming a hemispherical deformation of the surface
and evaluating the integral as the radius of the hemisphere goes to zero
gives a contribution at the point P equaling iyz((b -®,),. (The plus sign
applies for points lying on the inside of the surface and the minus sign
applies for points on the outside of the surface.)

The total potential, ®, can be viewed as being made up of an onset
potential, ¢., and a perturbation potential, ¢ =® - ¢_.. The potential of
the flow internal to the surface is set equal to the onset potential ¢_.
(This boundary condition is chosen to reduce the magnitudes of the
singularities on the surface.) Using this internal Dirichlet boundary
condition and looking at points P inside the surface, Eq.(3.20) can be
rewritten as:

@, = [fo V(%)ds - I (-;-)ﬁ-(% ~Vo.)dS
(3.21)
+-4—11; jwj (@, - DA v(%)ds-%qn,

If one refers to the physical definitions made for Eq. (3.19), the
following equations may be written for the doublet and source strengths:

At =0=D-¢, (3.22)
dro=-n-(VO-Vo.) (3.23)
Assuming that the normal velocity at the surface is either zero (a

solid surface) or some known value (a porous surface for suction or

blowing), then the source strengths can be evaluated immediately:

o= —l—(vm -a-V.) (3.24)
4x
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Substituting Eqgs. (3.22) and (3.23) into Eq. (3.21), leaves the integral
equation to be solved for the unknown doublet strength over the surface:

0= [ sj I,, WA v(%)ds- 2nup}+ js | (Er_’-) ds+ jJ’ A v(%)ds (3.25)

Discretizing the surface by breaking it up into panels gives the
discretized form of Eq. (8.25), which allows the integrals to be evaluated
as surface integrals over each panel. The surface integrals represent the
velocity potential influence coefficients per unit singularity strength for
panel K acting on the control point J. Hence, Eq. (3.25) becomes:

Ny N, No
2 (e Cr)+ E(GKBJK) +Y (1y,Cn) = L (3.26)
K=1 K=1 K=1
where:
1
B, = JKJ (;) ds (3.27)
and

Cuc= [[9( a5

K

(3.28)
C,="2x

The coefficients Cjk and Byk represent the velocity potential
influence coefficients per unit singularity strength for panel K acting on
the control point panel J. Egs. (3.27) and (3.28) are functions of geometry
only and can be solved for all panels to form the influence coefficient
matrix. Since the source values are known and the wake doublet values
can be determined as functions of the surface doublet values, only the
surface doublet strengths are unknowns. Solving for these unknown
doublet strengths allows all of the panel singularity strengths to be

known. From these singularity strengths, surface velocities can be
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determined. Using the surface velocities, the aerodynamic forces and
moments can be calculated.
3.3 GRAPE

Grids will be generated for the viscous 2-D analysis using a program
called GRAPE. GRAPE stands for GRids about Airfoils using Poisson’s
Equation. This program was chosen for grid generation because of its
ability to handle arbitrary shapes, which is important when the shape of
ice on the leading edge of an airfoil is considered.

A detailed development of the theory behind this program is
presented in Sorenson33. In this section, only the main points will be
discussed.

Let £ =§(x,y) and n=n(x,y) specify the mapping from the physical
space to the computational space. The mapping functions are required to

satisfy the Poisson equat.ons:
Eut&, =P (3.29)

Ny +N,=0 (3.30)
The following relations are useful in transforming equations between

computational space and physical space:

& = y% (3.31a)
g, =" (3.31b)
n="% (3.310)
n, = X% (3.31d)
where
J =X,y = XoYg (3.31e)

Applying Eqs.(3.31) to Eqs.(3.30) yields the transformed Poisson equations
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Ouxy, = 2B, + Yooy = ~J7 (P +0x,) (3.32a)
Oty = 2Byg, + YW = =77 (Py; + Oyy) (3.32b)
where
a=x+y, (3.32¢)
B=xx,+yy, (3.32d)
V=X +¥ (3.32e)

Solving Eqs. (3.32), for a particular choice of inhomogeneous terms, P and
Q, and for a particular set of boundary conditions, causes a grid to be

generated.
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Chapter 4
Research Methodology

In this section, the proposed method will be overviewed. Then, two
similar approaches will be presented and the shortcomings of these
methods will be pointed out. Finally the proposed method will be
developed in detail.

4.1 Overview

A quick method to analyze a three-dimensional flowfield about a
complete configuration is to use a panel method, like PMARC. But
PMARC has the deficiency of not being able to account for the effect of
flow separation on aerodynamic characteristics. No potential flow method
can effectively model the rotational flow in the separated wake region. If
the wake is away from a lifting surface, the effect is not critical. However,
on a lifting surface with a separated boundary layer, a better approach is
necessary. Although a 3-D Navier-Stokes method with an appropriate
turbulent model may be the ultimate solution, it would require a very
time-consuming process to generate a proper computational grid for the
flow solver of choice. The computing time for the flow field solution would
be extensive. The proposed approach is to use both the panel code
(PMARC) and a 2-D Navier-Stokes code (ARC2D) in the following way.

Essentially, in the near field (i.e., near the wing), the 2-D solution is
valid; while in the farfield the 3-D solution is appropriate. These two
solutions must be matched so the local circulation is the same. This
matching condition generates effective sectional angles of attack for the

3-D boundary conditions. In this approach, the 2-D method is applied to
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the iced airfoil section before running the 3-D code. The 2-D results are
used in an iterative manner to arrive at the converged 3-D solution.
Experimental data can also be used to supply the necessary boundary
conditions to the 3-D code.
4.2 A Similar Attempt

Because the attempt about to be reviewed uses the same tools as the
proposed research, its review has been reserved until this section.

Nathman and Strash36 proposed using ARC2D to handle the viscous
effects about an iced airfoil and VSAERO to analyze the irrotational
flowfield about an aircratt with iced lifting surfaces. (As previously
mentioned, PMARC was developed from VSAERO.) Two methods were
suggested. In the first method, ARC2D was used “to compute the
separation bubble behind the artificial ice shape for various angles of
attack. The geometry of this bubble was used as input to VSAERO as a
type”36 of separated wake. The second (simpler) method “used the forces
predicted on the horizontal tail by ARC2D (allowing for the downwash
predicted by VSAERO) and the forces of the rest of the airplane from the
panel code.”36

The problem with both of these methods is that neither method really
takes the three-dimensional effects into account. In the first method, the
two-dimensional solution is used to set the location for the separated wake
for the three-dimensional boundary condition. In the second method, the
downwash is used to correct the angle of attack for the two-dimensional
solution, but the geometry of the iced shape and separated region is not

allowed to affect the three-dimensional solution. The proposed method
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will allow the two-dimensional flowfield to affect the three-dimensional
flowfield and vice versa.
4.3 Coupling a Panel Method with 2-D Navier-Stokes Solutions

Two-dimensional Navier-Stokes solutions have been shown to provide
reasonably good prediction of icing effects on airfoil sections!5.27,

Theoretically, the 2-D solution is valid in the near field (i.e., near the
wing section); but in the far field, the 3-D method (PMARC) must be used.
These two solutions are to be matched by requiring the local circulation to
be the same. This matching condition generates effective sectional angles
of attack for the 3-D boundary conditions. Note that this approach is not
the same as the classical nonlinear lifting-line theory because no
lifting-line method is used. This method has been used successfully in
predicting the aerodynamics of a variety of airplane configurations at
different angles of attack, even beyond stall37:39.40, Note that if the 2-D
results are directly used, the method becomes quasi-two-dimensional. The
three-dimensional effect cannot be properly accounted for.(E.g, Ref. 36) In
the proposed approach, the 2-D method (ARC2D) is applied to an airfoil
section independently of the operation of the 3-D code(PMARC). Then the
results from the 2-D analysis will be supplied to PMARC in the form of a
lookup table. The lifting surfaces can be discretized in to chordwise strips
(like airfoil sections) that have an effective angle of attack. At a given
effective angle of attack, the 2-D values of lift, drag and pitching moment
can be looked up and applied.

In this method (The following description is adapted from Tseng and

Lan39.), an effective angle of attack at a spanwise station, o , is
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calculated based on the geometric angle of attack, ay, , the induced angle
of attack, q;, the zero lift angle of attack, o, , and viscous effects, Ac.
Therefore:
O = Op — O — Olp — AL (4.1)
From this it follows that
Cy3-p) = €, Sin(a, ~ o, — 0, —Act) 4.2)
Assuming ¢, = 2m W, Equation (4.2) can be solved for 0.

€y(3-p)
)

o, =0, - sin"[ :|- o, — Ao 4.3)

If we let the 2-D section lift coefficient, evaluated at oy, - o, equal ¢ «2-D) »

then define:

etz (4.4)
Cy3-D)

Since ¢,;_p, is computed with an inviscid theory, its value is usually larger
than c,, p, if Aa = 0. Therefore, fis usually less than 1.0. In this case, a
geometric angle of attack (&) which produces the reduced lift can be
found. Thatis: sina’=f-sina, or,
o’ =sin”(fsina,) (4.5)
It follows that Aa in Equation (1) becomes
Aa=qa,-o’ (4.6)
The solution is obtained iteratively as follows:
1. Assume Ao = 0.
2. Find ¢; from Equation (4.3).
3. Calculate f from Equation (4.4).
4. Determine Aa from Equations (4.5) and (4.6).
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5. Use Aa to reduce o in the 3-D boundary condition to determine

Cy3-D) *

6. Repeat steps 2 through 5 until the successive total lift

coefficients differ by less than a small value, e.g. 0.5%.

Figure 4 is a graphical representation of this iterative process.
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Figure 4. Schematic of Solution Process to Include Vicous Effects

Following the satisfaction of the convergence criterion of Step 6, drag

and pitching moment are calculated. The associated drag and pitching
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moment for each ¢, ;,, usedin (4.4) is combined with the forces from the

converged inviscid solution to provide Cp and Cy.
Cp is a combination of the inviscid induced drag calculated by
PMARC and the viscous sectional drag (included only for lifting surfaces).

The viscous sectional drag is evaluated, like ¢ «(2-p) at On - Q4. The

calculation of Cp is illustrated in Eq. (4.7).

C= CDmm-Iiﬁing + (ch(a-a),' +Cyoay (S_")]: 4.7
ref

i=1

where n is the number of spanwise stations on the lifting surfaces, Sjis
the area of spanwise stations for a lifting surface. Remember, viscous
drag for a non-lifting surface, e.g. the fuselage, is not accounted for in the
present investigation.

CM is a combination of the moment due to inviscid lift calculated by
PMARC and the viscous drag plus the zero-lift pitching moment of the
spanwise station being considered. Equation (4.8) illustrates the

calculation of Cp.
Cu= CMwm + Z(Cm.(z-d).- + ( 755-’-} (4.8)
i=1 B 4

where C Mo spig 1S the pitching moment coefficient contribution calculated

c

Caz-a), " 25, ~ O30 " X, )J ) (

by PMARC for non-lifting surfaces, n is the number of spanwise stations
on the lifting surfaces, and x,, and z,, are the perpendicular x and z
distances from the moment reference for the 2-d data to the moment
reference of the model.

To show the applicability of the forces and moments obtained from

the 3-D code, these forces and moments (in non-dimensional form) could
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be used as input for a simulator analysis. This analysis would show how
the aircraft would react in a specified flight condition with a
representative ice accumulation. This leads directly to the partial
satisfaction of the certifying regulations.
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Chapter 5
Results and Discussion
This chapter presents the results and discussion of the present study.
This chapter is broken into two parts: the first will discuss the viscous
analysis of the flow about an iced airfoil, using ARC2D; the second will
discuss the analysis of four configurations using PMARC with viscous
corrections: wing alone, wing-body, wing-fuselage-low horizontal tail and
wing-fuselage-high horizontal tail.
5.1 Airfoil Viscous Analysis
This section presents work and results completed to learn the
workings of the viscous code, the grid generation code, then the viscous
analysis of an airfoil section with an iced leading edge.
5.1.1 NACA 0012 Study
Initially, to become familiar with both the grid generation program,
GRAPE, and the Navier-Stokes code, ARC2D, a study was conducted on
the NACA 0012. This airfoil was chosen for two reasons:
(1). experimental data is readily available (e.g., Abbott and von
Doenhoff38, e.g.);
(2). This is the base airfoil on which experimental as well as
analytical icing research has been conducted.(see Bragg20,
Korkan, et al.23, Bragg, et al.25 & Potapczuk2?) Thus to put an iced
shape on this airfoil will be a natural development of previous
research.
In this study, parameters, such as Mach number, R, etc., were chosen to

match the data of Ref. 38. Figure 5 shows the C-grid system used to
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characterize the flow field around the NACA 0012. (Every fourth grid
point is shown to improve clarity.) The grid is made up of 253 points in
the direction around the surface of the airfoil and 64 normal to the
surface. There are 46 points in the wake, leaving 207 on the surface. Grid

points are concentrated near the leading and trailing edges of the airfoil.

1

Figure 5. Grid About a NACA 0012

While refining this grid, sensitivity studies were performed to
determine the area required to return to freestream conditions and the
grid density in the spacing of the first grid point normal to the surface. In
the grid area sensitivity study, flow fields of 10c X 10c and 15¢ X 15¢ were
compared. Comparing the values at a=2° (presented in Table 1), one can
see that both flow fields model the physical situation with the same
accuracy. Thus, the flow field with the smaller area will be used

throughout this study.
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Table 1. Comparison of Grid Area Sensitivity, a=2°

C] Cd Cm
10¢ X 10c 0.18945 0.01667 0.00876
15¢ X 15¢ 0.18965 0.01615 0.00741

When comparing the spacing of the first grid point, the parameter
used to control this is As. This value is given in percent chord and is used
to set the spacing of the rest of the points in the direction normal to the
surface out to freestream. In this study, two values of As were chosen.
Both values puf a sufficient number of points in the boundary layer to
characterize the viscous nature of this area of the flow field. The tradeoff
here is between the number of points to characterize the boundary layer
vs. the number of points to characterize the flow outside of the boundary
layer. Table 2 shows a sample of the results of this study at a = 2°.

Table 2. Comparison of First Grid Point Spacing, a=2°

ci cd Cme/y
Abbott and von
Doenhofi38 0.21 0.010 0.00
As=0.0005 0.20931 0.00692 0.00363
As=0.00005 0.18945 0.01667 0.00876

Though spacings for both grids do a satisfactory job of predicting cj,
the densest spacing overpredicts both ¢q and Cmyy - Thus the less dense

spacing will be used throughout this study.
A third sensitivity study involving the number of iterations to

convergence was conducted. In this study a variable timestep was used

based on local eigenvalues. Two timesteps were considered: At=2.0 and

36




At=4.0. The convergence rates to a steady state value are compared for ¢j,

cd , and cmgyy4 in Figure 6.
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Figure 6. Convergence Study for Variations in Timestep
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Lift coefficient has converged for At=4.0 in 900 iterations (and
possibly as early as 600 iterations). Drag coefficient makes a small
change (<3%) after 900 iterations at At=4.0. The moment coefficient
shows convergence in 900 iterations for this longer timestep also. A
longer timestep was not considered and the shorter timestep required
more CPU time to reach convergence. Thus, this longer timestep will be
used for computations, unless convergence plots show the need for further
calculation.

An overall comparison of the ARC2D calculations of the lift, drag and
pitching moment coefficients with experimental data are given in Figure
7a-c. This comparison is made using the “standard roughness” values of
Abbott and von Doenhoff38 and with ARC2D, assuming transition at the
point where the roughness was applied in the experiment. Reynolds
numbers were matched for this study at Re = 6 x 106,
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Figure 7 shows that ARC2D data compares well with experimental data
up to stall. Note: In Abbott and von Doenhoff38, for “standard
roughness”, drag and pitching moment coefficients are not presented
beyond a lift coefficient of approximately 0.8.
5.1.2 Iced NACA 0012
Following this study, a generic ice shape was attached to the leading
edge of the NACA 0012. This ice shape was developed by Bragg, et al.19

and used in the studies by Potapczuk2?. Freestream conditions for the
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development of this ice shape were a=4°, T=18°F, V=130 mph. Ice
accretion time was 5 minutes. To accurately model this shape, a picture of
this shape from Potapczuk27 was electronically scanned, then prominent
points were digitized producing the ice shape attached to the NACA 0012.
The combined “airfoil” (airfoil plus ice shape) is presented in Figure 8.
Note the similarity of the ice shape with the shapes in Figure 1.

Figure 8. Iced Shape on a NACA 0012

A grid was generated about this iced airfoil using the results of the
previous sensitivity studies and the same grid point arrangement of the
previous NACA 0012 study. (This is the same arrangement as
Potapczuk?7.) This grid is shown in Figure 9. (Every fourth grid point is

shown to improve clarity.)
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Figure 9. Grid About a NACA 0012 with an Iced Shape on the Leading

Edge
After matching the flow conditions of Bragg20 and Potapczuk27, an

angle of attack sweep was conducted. The results are compared with

Bragg2%and Potapczuk27 in Figure 10.
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The modeling is good up to the onset of stall. At that point, both the
data of this research and Potapczuk2? do not model the flow field well. To
achieve the lift coefficient at a=8°, Potapczuk27 averaged “the pressure
coefficient at each location over several shedding periods.”27 This is
similar to an experimental setup where only the steady pressures are
measured. (Due to the response times of the measuring equipment, the
experimental setup can not measure the unsteady pressures.)
Potapczuk?27 attributes this C) discrepancy to the turbulence model and
suggests trying a different turbulence model to capture the physics of the
flow field. Potapczukl? states that the k-¢ and Johnson-King turbulence
models have been shown to have little effect.

5.1.3 Turbulence Modeling

The Baldwin-Lomax turbulence model is a two-layer algebraic

turbulence model, where p =y, +y,. The turbulent viscosity coefficient,
U,, is computed using two different formulae for inner and outer layers of
the boundary layer. The switch is made at the height above the surface
where the coefficients from the two regions match. The problem arises in
the computation of y, for the outer layer. The vorticity for the outer layer
is based on choosing a length scale, ymax, when the moment of vorticity,
F(y), is a maximum, Fp,54. A more detailed discussion of the formulation
is given in References 32 and 41.

One problem with the current formulation of this turbulence model is
that two (or more) extremes for F can occur and the current search routine
picks the greatest. Figure 11 is a plot of vorticity magnitude(w) and

moment of vorticity, F(y), vs. y/c, a distance measured normal to the airfoil
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surface (in this case at the point of maximum thickness for the NACA
0012). (Fmax is depicted by the location of ymax. See Figure 11.) The
value picked by the current search scheme is not always representative of
the physical situation. It might pick an F that is in the boundary sublayer
or one that is outside of the boundary layer (which it appears to have
picked here). In Figure 11, Fnax chosen by the current search routine is
outside the boundary layer. The length scale for the moment of vorticity is
too great. This does not properly model the physical situation by causing
“the details of the computed flow to be distorted or washed out”.41 Thus,
as part of the present study, the current implementation of the
Baldwin-Lomax model has been found to not model the physical situation
well near stall. A modification to the search routine could improve the

results of Figure 10 near the stall.
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Figure 11. Vorticity and Moment of Vorticity vs. y/c Measured From the

Surface of an Iced NACA 0012 at t/cmax

This study has applied the “modified” Baldwin-Lomax turbulence

model4! in ARC2D and found some improvement in the modeling of the

flow situation. In the modified Baldwin-Lomax model, numerous relative

maxima are allowed and the first maximum outside of the sublayer is

chosen. In Figure 12, the second of 6 maxima is chosen to compute the

eddy viscosity. (Fmax #3 through #6 are at a location, y/c, greater the

scale of this figure.) This data was taken near t/cmax 0n the upper surface

of the iced NACA 0012, the region where the trapped vortex has been

observed. Note the location is in the boundary layer and outside of the
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sublayer. The computed lift coefficient at a=8° is closer to the
experimental value. But (using PLOT3D, “a computer graphics program
designed to visualize the grids and solutions of Computational Fluid
Dynamics”42) there still appears to be a trapped vortex at approximately

t/Cmax.
600’: A —o— KE(y) —- Vorticity 0.1
—&— Fmaxl 0.09
500 4 ——o— Fmax2 0.08
. ~&— Fmax3 0.07 =
400 + 3
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Figure 12. Choice of Fmax in the Application of the Modified
Baldwin-Lomax Turbulence Model
Now the question can he asked: Is this vortex trapped or is the
numerical method looking at only one instant in time and only seeing the

vortex where it sits?
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To answer this question a study was conducted to make time
accurate calculations using ARC2D. (A Time Accurate Solution is one of
the solution options in ARC2D.) Zaman and Potapczuk43 used this
method and found a periodic nature to the flowfield. (See Figure 13.)
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Figure 13. Computed Lift Coefficient Variations with Time
(Copied from Reference 47)
In this study, Zaman and Potapczuk found a vortex being shed off the
upper horn and convected downstream along the upper surface. This
produced a periodic loading showing up in variations in the lift and

pitching moment coefficient. If one could take this periodic loading and
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use a time averaging scheme, the experimental data collection could be
simulated. (E.g., See Bragg20.)

Along this vein, the current study tried to duplicate Zaman and
Potapczuk’s results--hoping to generalize it for any airfoil near stall. The
grid for this study over the iced NACA 0012 airfoil is the same as has been
discussed previously. In the time accurate study, two modified versions of
the Baldwin-Lomax turbulence model were employed. In the first, if more
than one peak was present for F(y), the second peak was used (analogous
to the method of Reference 41). As Degani and Schiff4! have shown, the
use of the Baldwin-Lomax turbulence model with the second peak chosen
seems to more accurately model the physical situation and is the first
model used in the time accurate study. In the second version, the first
peak was used exclusively. Two time steps were also considered in this
study: At=0.001 and At=0.01. The first was chosen to match the time step
of Potapczuk44. The second was chosen because of the advantage of one
timestep using the second At equals ten timesteps with the first. (This
saves computing time.) Therefore, if similar lift values are found for the
same time interval, the second time step could be used to move the
solution away from the point when the airfoil is introduced in the
flowfield. The finer timestep could be used to resolve the unsteadiness in
the flowfield by using the restart option with this timestep.

Figure 14 is representative of computations of this study into the
unsteady nature of the lift coefficient using a timestep of At = 0.01.
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Figure 14. Example of Time Accurate Computations for Lift
Coefficient, At = 0.01, o = 8°

For each timestep (iteration), the airfoil, with a coarse grid, was
introduced into the flowfield, then after 100 timesteps the airfoil, with a
fine grid, was introduced. As can be observed over the time interval
displayed, an unsteady character to the lift coefficient is evident, but a
periodic character is not. Notice that it took about 5 time units for any
unsteady phenomena to develop in the time histories. After the unsteady
phenomena developed, the data did not demonstrate any periodicity as
Zaman and Potapczuk had found. (In Zaman and Potapczuk’s paper,

there were times when they found this periodicity and other times when
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they couldn’t, depending on “the turbulence model in use as well as the
Reynolds number”43.) Because of the excessive computer time involved
(The timescale in Figure 14 represent 10,100 iterations. 10,100 iterations,
no matter what the timestep, take about 14 hrs. on the IBM 320
RISC/6000 workstation. If ran on the VAX 9000, the University of
Kansas’ mainframe, these same calculations would take about 7 hrs. if one
could get 100% of the CPU time.) and the lack of limited indications of
reaching an unsteady solution that was pertinent to this study, the
timestep with At = 0.001 was soon dropped. All further unsteady
investigations were made with At = 0.01.

Using the previously determined timestep, a time averaging scheme
was employed. In the time averaging scheme, the c] for each time step is
added to all of the previous and averages over the number of time steps.
This scheme gives a “running average” of the coefficients. Figure 15 is an

example of data from this study for a = 8°.
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Figure 15 shows both the time accurate results and the running
average results. Note how the running average damps out the unsteady
nature of the time accurate computations, acting just like a pressure
sensing port on an airfoil model in the wind tunnel. The angle of attack
presented is near stall and the unsteady nature of the flowfield is expected
from the previous discussion, but what happens at a lower angle of attack,
say o = 4°?

Figure 16 is also a time accurate plot of lift coefficient, except o = 4°.
Note that there still is an unsteady nature to the time accurate

computations, but the running average c} matches the c) which was
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computed using steady state methods in Figure 9. Thus, this “running
average” scheme seems to affect the lift coefficient in the regime where the
flow is truly unsteady, but has little effect on the lift coefficient where

there is not massive separation.
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Figure 16. Lift Coefficient For An Iced NACA 0012 at a = 4°, Time
Accurate and Running Average Shown
If one is only after the global results, this technique shows promise.
Unfortunately, this technique did not work as well at a = 8°, as Figures
17a-c demonstrate. These figures are the best estimate from this study for
the lift and moment curves and drag polar for the iced NACA 0012. Thus

further research is necessary in this area of viscous flow calculations and

will be addressed in the recommendations.
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Figure 17c. Moment Coefficient for an Iced NACA 0012 Airfoil Using
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5.2 Modified PMARC Results

This section deals with the results for the modifications to PMARC
which include viscous effects. This section will be broken into three parts:
wing alone results, wing-body results and wing-body-tail results.
5.2.1 Wing Alone

As outlined in Section 4.3, PMARC was modified to adjust the
spanloading for the effects of viscosity. The first test of this method was a
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rectangular wing with a NACA 0012 airfoil section and an AR = 5. Figure

18 shows the paneling arrangement for this wing.
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Figure 18. Panel Arrangement for A Rectangular Wing,
AR =5, NACA 0012 Section

In laying out the panels for this study, two sensitivity analyses were
conducted. In the first, lift and moment coefficient sensitivity to spanwise
panel number variation was investigated. 30 panels were used in the
chordwise direction. Figure 19 shows the results of this study. With the
number of chordwise panels chosen there seems to be a slight decrease in
lift coefficient and a slight increase in moment coefficient until

approximately 20 panels were used in the spanwise direction.
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The next sensitivity study involved the variation in the number of
panels chordwise. The spanwise distribution was set at 20 panels with a
“half-cosine” distribution. This distribution involves more coarse spacing
at the wingroot and denser spacing at the wingtip using a cosine
distribution. Figure 20 shows the results of this study. The x-axis
displays the total number of panels in the chordwise direction. The panels
were spaced using a “full cosine” spacing where paneling is more dense
near the leading and trailing edges and coarser at midchord. Notice that

the curve for lift coefficient “levels off” between 30 and 40 panels. The
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pitching moment does not appear to reach a constant value until about 80

panels. In an attempt to maintain a reasonable amount of computing

time, the lower value was used for further computations.
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Figure 20. Sensitivity Study for Chordwise Panel Variations
o =5° AR = 5, 20 Panels Used Spanwise

Therefore, in summary: 20 panels are used in the spanwise direction

with a half-cosine spacing, 30 panels are used in the chordwise direction

using full cosine spacing. For the wing alone, there are 600 panels.

The planform and airfoil section, previously described, were chosen

because this is the experimental setup of Bragg and Khodadoust4?. In

their experiment, Bragg and Khodadoust measured the lift coefficient for
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the rectangular wing in the Ohio State University wind tunnel at a

Re = 1.5 x 106. The experiment involved an angle of attack sweep for a
clean wing, i.e. one without an “iced” leading edge, and for a wing with a
simulated iced leading edge. The ice shape was taken from tests in the
NASA Lewis IRT and is the same shape used in two-dimensional tests of
Bragg20. Thus, a comparison can be made to both a “clean” wing and an
“iced” wing. Figure 21, copied from Reference 45, shows their results.
Drag or pitching moment coefficient data is not provided in this report.

1.000 1

0.800 NACA 0012
0.800 + Re = 1.5 X 108

0.400 -
0.200 1
0.000
-0.200
~0.400 {-
~0.600 1
-0.8600
-1.000 e ——+
-316-14-12-10-8 -6 ~4 -2 0 2 4

Twing (deg)

v

v L]

CL

LS

03-D NO ICE
© 3-0 GLAZE ICE

2 el & 4 r & $m < 4 3 M
Y T Y

8 10 12 14 1§

o+

Figure 21. Lift Curve for a Clean Rectangular Wing, AR=5, NACA
0012 Section and with Iced Leading Edge
(Copied from Reference 45)
Initially, an angle of attack sweep was made for the “clean”
rectangular wing with viscous coirections. Wake from the wing was
allowed to trail parallel to the x-axis. The initial 2-D viscous data used to

modify the inviscid solution came from Reference 38. This data provided a
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Figure 22. Spanwise Variation of Effective Angle of Attack
Rectangular Wing, a = 14°, AR =5

Note at the inboard stations o is greater than :1- o «=.D).
Fortunately, the 0012 section is a popular section for study, and Reference
46 provides lift, drag and pitching moment coefficient data for the range
0°<a<180°. But this type of “savior” might not always be available, and
this problem must be considered when the 2-D data is acquired.

Figure 23 shows a comparison between the experimental lift curve
and the computed lift curve of this study with and without viscous effects.
PMARGC, without viscous effects, greatly overpredicts the lift developed by
the rectangular wing. The modifications of this study provide a very good

match to the experimental data. Note the accurate estimate of ostali.
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Figure 23. Comparison of Experimental Data for The Clean Rectangular

Wing, AR=5, with Values for This Study
(Experimental Data From Reference 45)

As a second example of the capability of this method, the previous

calculations were reaccomplished using a 2-d dataset for the iced airfoil

from Reference 20. Figure 24 shows the results of these calculations.

Again, PMARC with the viscous corrections of the current study does a

very good job of matching the experimental data. Note that the stall angle

of attack is not matched as closely. This can be attributed to the 2-D data

which does not include many points past aga)) . (See Figure 9, to see how
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far past stall data is available.) But even with this limited range of 2-D
data, the lift curve does show a non-linearity approaching and after ostall.
This shows the tendency to provide useful data in the non-linear regime of
the lift curve.
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Figure 24. Comparison of Iced Rectangular Wing, AR = 5, with
Experimental Data of Reference 45
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5.2.2 Wing-Body Results

The next step in the natural progression of this study is to include a
fuselage with a wing and make comparisons to experimental data, which
will be accomplished in this section.

Figure 25 shows the experimental arrangement for the wing-body
configuration. Data computed for this configuration will be compared to
experimental results of Reference 47. This model is a generic wing-body
configuration with a rectangular wing of a NACA 4412 section, AR = 8.
All tests in Reference 47 were conducted at a R (based on wing chord) of
0.3 x 106. Lift, drag and pitching moment data are provided in the report.
Pitching moment is referenced to the half-chord station of the wing.

= -

CONFIGURATION
FUSELAGE » WING (Fw}

NACA 4412

!LLWSO'ID I
T ; %Ifj

|- EL |

Figure 25. Two-views of Wing-Body Experimental Model
(Copied from Reference 47)
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Figure 26 shows the paneling arrangement used in the numerical

study of this model. There are 600 panels on the wing and 848 panels for

the complete model.

PRy
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Figure 26. Paneling Layout For The Wing-Body Model

By introducing this new model, two complications are added to the

problem. First, there is a new airfoil at a fairly low Reynolds number.

Second, the viscous drag of the body is not accounted for.

The first complication is fairly easily satisfied by the airfoil data of

Reference 45 which contains wind tunnel data for the NACA 4412 section

at a Reynolds number of 0.7 x 106. Unfortunately, the drag and moment

coefficients are in standard NACA format, that is they are not presented

beyond ogtall. This could provide problems near the aga11(34). The
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pitching moment data is referenced to the quarter chord of the airfoil
section.

The second complication will have to be examined through the
calculations. PMARC can model the flowfield changes caused by the body
ahead of and behind the wing, but no account is taken for any viscous
correction for a non-lifting surface in this method.

An angle of attack sweep was made using the wing-body model.
Figure 27a-c presents the results of this sweep for lift, drag and pitching

moment.
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Figure 27a. Lift Curve for Wing-Body Configuration
Experimental Data From Reference 49.

In Figure 27a, as has been the trend from the previous comparisons,
PMARC tends to over predict the lift coefficient. The viscous data tends to
slightly under predict the experimental results until a approaches ostal .
In this region, the viscous data passes through the experimental data, but
there is not much of a change in slope, as has been the trend, around
Ostall. This can be attributed to the 2-D data, as there is not much data

presented past astajl. This same effect showed up in the comparison to the

iced wing data.
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Figure 27b. Drag Polar for Wing-Body Configuration
Experimental Data From Reference 49.

PMARC, for the data of the Present Study in Figure 27b, tends to
underpredict the experimental results. Some of this can be attributed to
not modeling the viscous drag of the body. But that increment in drag
probably would not make up all of the difference. No further explanation

is available at this time and will require further investigation.
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Figure 27¢. Moment Curve for Wing-Body Configuration
Experimental Data From Reference 49.

Pitching moment coefficient, in Figure 27¢, makes an excellent match
of the experimental data. PMARC tended to underpredict the
experimental data. This could be expected because the moment caused by
the aft portion of the body tends not to model the blunt aft end of the

model very well.
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5.2.3 Wing-Body-Horizontal Tail Results

The final step in the natural progression of this study is to add a
horizontal tail to the wing-body model analyzed in the previous section.
This analysis will be accomplished in this section for the full configuration
with a “clean” tail and with an “iced” tail. A study showing the sensitivity
of wing wake position in relation to the tail will also be presented.

Figure 27 shows the experimental arrangement for the
wing-body-low tail configuration. Data computed for this configuration
will be compared to the experimental results of Reference 47. The wing
and body were described in the previous section. The tail is a rectangular
wing of a NACA 0012 section of AR=4.4 mounted on the centerline of the
model. Lift, drag and pitching moment data are provided in the report.
Pitching moment coefficient is referenced to the half-chord station of the

wing.
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Figure 28. Two-views Of The Wing-Body-Tail Experimental Model
(Copied from Ref. 47)
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Figure 29 shows the paneling arrangement used in the numerical
study of this model. There are 600 panels on the wing, 200 on the tail and
1128 total panels for the complete model.

Figure 29. Paneling Layout For the Wing-Body-Low Tail Model

By introducing the coplanar horizontal tail to the model of the
previous section, a large complication was added to the problem.
Including the coplanar (in the same plane as the wing) horizontal tail adds
the problem of “How do you properly model the placement of the wake off
the main wing because of the tail location?”

This is a problem because all previous analyses assumed that the
wake was parallel to the x-axis. Using this assumption, the wake would
cut right through the interior of the horizontal tail. Due to the

singularities in the wing wake being on the “wrong” (inside) of the
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singularities on the tail, computational problems arise. In the
development of PMARC (and VSAERO), the internal flow is assumed to be
equal to the onset flow when the singularity model is chosen.3¢ By
putting the wing wake inside of the tail, we are violating this singularity
model.

Further research included a discussion with D. Ashby49, in which he
suggested “possibly stitching” the wake to the body under (or over) the tail
and adding a short aft cone to the model to bring the wake to the
centerline. This was attempted and met with limited to no success.
Sectional lift coefficients on the inboard most panel column of the tail
were unreasonably high (on the order of 10 or greater) and thus pitching
moments were unrealistic. Further attempts at modifying the wake or
letting the wake deform met with no success. PMARC does not account
for the special case,34 when the wake is in the plane of the surface panel.
So a major modification to PMARC was developed.

This modification involved changing the way the inboardmost wake
panel of a lifting surface is handled. The wake is modeled by doublets and
the effect of a wake doublet on a surface panel is accounted for through a
surface integration The integration considers the effect of a semi-infinite
doublet placed on each of the four sides of a wake panel. Due to the way
the singularities are placed, PMARC thought the inboard most wake was
similar to the wake column at the wingtip, i.e., like a strong tip vortex.
The vortex effect is developed because the effect of a surface panel with a

doublet is equal to a vortex ring of the same strength as the doublet.31 To
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modify PMARC, the value of the integration for the effecy of the

inboardmost wake column on a surface panel is scaled by the ratio of

wake panel perimeter — length of inmost panel edge
wake panel perimeter

Using this ratio, is the same as eliminating the inboardmost side of a
vortex ring. The effects of the other three sides are canceled by vortices of
equal and opposite strength that overlay in the wake mesh. Thus, as is
physically realistic, we have removed the vortex along the body and we
retain the tip vortex.

The problem of wake placement is mollified, but still not completely
removed as the following sensitivity study shows. Figures 30a&b show
the results of the sensitivity study for 3 different wake deflections: +1°
(which places the wake just above the tail), -1° (which places the wake just
below the tail) and +3° (for symmetry about the +1° data point).
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Figure 30a. Wake Position Sensitivity on Lift Coefficient,
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(Experimental data is from Reference 47)
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(Experimental data is from Reference 49)

As Figures 30a & b demonstrate, the assumed position of the wake
has a strong effect on the pitching moment. Putting the wake under the
tail, causes large negative lift on the tail and a strong pitchup (positive)
moment. Putting the wake relatively high above the tail causes a large
pitchdown moment. Putting the wake as close as is possible to the x-axis

appears to be the best solution. Because of the coplanar tail, the
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+1°-deflection is a good compromise. This is the assumed wake deflection
throughout the rest of this study. Note that the wake position has little
effect on the global lift coefficient at lower angles of attack, but the
location of the wake relative to the tail has a large effect at higher angles
of attack.

Using the results of this sensitivity study, the full configuration can
be analyzed. Figures 31a-c show plots of the longitudinal force and
moment coefficients for the full configuration with a low tail.
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Figure 31a. Lift Curves for Wing-Body-Low Tail Configuration
(Experimental Data From Reference 47)
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In Figure 31a, one can see that the viscous modifications to PMARC
do an excellent job of matching the experimental lift coefficient.
Remember, viscous corrections are made to each lifting surface, but not to
the body. The drag coefficient again is underpredicted, in Figure 31b, but
is an improvement over the inviscid solution. The pitching moment of

Figure 31c follows the same trend as the experimental data, but is
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displaced in a more stable direction. This can partly be attributed to the
wake deflection problem.

Using this same configuration, one can now consider that the tail has
accumulated ice along the leading edge. To model this, the leading edge of
the main wing doesn’t need to have accumulated any ice as Reference 46
has stated. Furthermore, as Reference 50 stated, “The horizontal tail will
accumulate ice up to four times as fast as the main wing due to the
usually smaller cross-sectional area and smaller radius of curvature than
the main wing.” Thus, this study will model this situation with ice only on
the tail.

To model this new situation all that has to be changed is the 2-D data
input set for the tail, i.e. replace the viscous 2-D clean airfoil data with
viscous 2-D jced airfoil data (obtained either experimentally or
analytically). Figures 32a-c show the results of this analysis.
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Figure 32c. Pitching Moment Curve for Wing-Body-Tail Configuration
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(Experimental data is from Reference 47)

Figure 32a shows there is very little change in the lift coefficient with
ice on the tail. (Compare this to Figure 3 at o < 5°.) Notice at o = 10°, Cy,

for the iced configuration is less than for the clean configuration. This
shows that some pertions of the iced tail are approaching ogtay. (Figure 3

shows a large difference between cj for the clean airfoil vs. the iced airfoil

at o5¢41) for the iced airfoil.) The drag coefficient is seen to increase as is
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expected. Figure 31c shows that the biggest change with ice included is in
the pitching moment. Though the values of the pitching moment don’t
match the experimental values, the trends are important. Initially, at low
lift coefficients, the ice has little effect. As the lift coefficient increases,
one sees a slight reduction in the stability. Then, as discussed in
Reference 10, one sees a prediction of a dramatically unstable pitch break.
(It would be dramatic from the pilot’s point of view.)

Physically, what is happening to cause this unstable pitch break?
Looking at Figure 3, one can see that there is little difference in lift
coefficients at lower angles of attack. But as the angle of attack is
increased, this difference is increasing rapidly. Because the horizontal
tail provides a small portion of the total lift coefficient, one would not
expect to see a big change in total lift coefficient as angle of attack
increases. This is what Figure 32a shows. Now think about the total
pitching moment. This change in sectional lift coefficient with change in
angle of attack will have a large effect as the angle of attack increases.
And at some angle of attack, the lift on the tail will start to decrease as
parts of the tail stall with increasing angle of attack. This causes the
pitch break that is demonstrated in Figure 32¢. (This explanation shows
why the “similar attempts” didn’t work. You can not just apply the 2-D
values on the model. You need the full 3-D effect, which is included by
matching the local circulation.)

One final study will examine the effects of moving tail out of the
downwash of the wing. As a secondary effect, the wing wake placement is

no longer interfering with the tail. Though the wake could parallel the x-
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axis, it will be modeled with the same deflection as the previous study to
eliminate this variable from analysis of the results. In this study, the tail
is moved 1.7¢ above the previous tail location. Figure 33 shows the

paneled model for this study.
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Figure 33. Paneling Layout for Wing-Body-T-tail Configuration
Figures 34a-c show the results for a wing-body-t-tail (wbt-t)

configuration with a clean tail and with an iced tail.
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Figure 34a. Lift Curve For The WBT-T Configuration
Figure 34a follows the trend of the previous study: there is verv little
if any difference in lift coefficient between the clean configuration and the
iced configuration. This is due to two factors:
(1) the size difference between the two lifting surfaces, i.e. the tail
provides a much smaller portion of the lift;
(2) the spanloading of the tail for the iced configuration. Not all
of the tail is in a regime where the lift has started to reduce with

increasing a, thus the overall lift does not change much.
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Figure 34b. Drag Polar For The WBT-T Configuration
Figure 34b shows the drag polar for the clean and iced t-tail
configuration. This figure follows the expected trend of an increase in

drag coefficient for the iced configuration over the clean configuration.
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Figure 34c. Pitching Moment Curve For The WBT-T Configuration
Figure 34c shows the pitching moment coefficient for the wbt-t

configuration. This plot shows a very interesting development--the
pitching moment starts out to be positive as would be expected from the
experimental study with a low tail configuration. As the lift coefficient
increases to about 0.7, the stability increases for both conditions. Then,
while the clean configuration becomes more stable, the pitch stability
decreases for iced configuration. This change in stability condition for the
iced configuration can be explained by two factors with reference to Figure

3. The first deals with the reduction in lift for an iced airfoil. Remember,
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as the angle of attack Increases, the lift coefficient for the iced airfoil does

not increase ag quickly as for the clean airfo;]. To put it another way,
€. tamy > e, (eeayr Lhe second factor involves the effect of jce on airfoil

unstable responge of Figure 32¢.
Figure 35 shows the capability of combining the results of 2.p
calculationg with 3-D calculations to understand the complicated flow

phenomena involved without having to solve for the total flow field.

._y_= Q:",&mh“‘
bl 0.078 = :’.}”
=
DN
o.:l'.smﬂuh't-m
=0.759 X
bui/2 :,g

._);_ - 0'920 :. 7(-” 2°, Stagnation Pressure
bun/2 0.70
0.7100
0.7150
e 0735

e

Figure 35. Combining Flow Field Calculationg of Modified PMARC and
ARC2D, a=10°, (Total Pressure Contours)
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Figure 35 shows the power of this method. One of the values used to
modify the circulation on the tail is the effective angle of attack, o.
Combining the spanwise variation in o, with the 2-D calculations about
the viscous airfoil, one can get a feel for what is happening spanwise
across the tail with simulated ice. For example, from Figure 35 one can
see as the effective angle of attack increases, the vortex above the wing
grows. (Compare the PLOT3D42 total pressure contours at the inboard
and outboard stations.) From experimental studies20, it has been shown
that this vortex is shed periodically. Thus the inboard portion of the tail
would demonstrate an unsteady nature. Notice also how little the flow
field at the outboard station of the tail is affected by this vortex,. This
picture helps to explain the small difference in lift coefficients between

clean and iced configurations at the lower geometrice angles of attack.

91




Chapter 6
Conclusions and Recommendations

This chapter lists conclusions from the present study along with
recommendations for future work.
6.1 Conclusions

A new method has been developed to quickly analyze a full aircraft
configuration taking into account viscous effects. Experimental sectional
data or precomputed viscous 2-D calculations, from a code like ARC2D,
were used as input to the modified panel code PMARC. PMARC has been
modified to find an iterated solution which matches the local circulation.
From this matching condition Cr,, Cp and Cym for the complete
configuration were calculated that include viscous effects for lifting
surfaces.

Using this modified version of PMARC and appropriate 2-d viscous
sectional data, it has been shown that:

(1) The lift curve slope has been accurately calculated for a wing
alone. If 2-D sectional data were available for a high enough angle of
attack, agta]) could be accurately calculated.

(2) The lift and pitching moment curves for a wing-body
configuration have been accurately calculated. There was some
discrepancy in the drag polar. Part of this discrepancy could be
accounted for because viscous effects for the body were not included.

(3) The lift curve for two wing-body-tail configurations have been
accurately calculated within the constraints of the 2-D data available.

Drag polar and pitching moment curves exhibit the proper trends, but
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did not match the experimental data as well. The pitching moment
data did predict the reduction in stability due to icing effects on the
tail.

6.2 Recommendations

The viscous analysis of flow over an airfoil past stall does not model
the physical situation very well. Indications were that the turbulence
model used in ARC2D does not properly model the physics. Further
investigation into a proper way to model the effect of turbulence with a
simple, efficient model would improve the capability of ARC2D and
greatly improve the capability of the method of the present study.

Because Reynolds number has a greai effect on the 2-D flowfield
about an airfoil near stall, Reynolds number effects need to be included in
this modification to PMARC to make it more widely applicable.

Further investigation into the modeling of the wake shed by the
lifting surfaces would ease the use of PMARC. Currently the position of
the wake has a great effect on the results when the wake is near a lifting
surface and yet with certain configurations this situation can not be
avoided. Especially in the coplanar tail model studies, the wake position
had a large effect on pitching moment coefficient. Thus a better way to
model the wake is necessary to correct the magnitude of the pitching
moment coefficient.

One area that has not been considered but is a natural outshoot of
this research is the effect of icing on the elevator hinge moment. Ice on

the tail causes the flow field over the elevator to be distorted. Due to this
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distorted flow field, hinge moments can change. These changes affect the
pilot’s recovery capability with an iced tail. Being able to predict the
hinge moments would facilitate control system design and recovery

techniques with an iced tail.
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Appendix A.
Makefile For Modified PMARC

This makefile contains 2 listing c¢f all of the subroutines
necessary to compile the Modified PMERC of this study. 212
cf the subroutines listsld except RESTPMZRC.f and SURFINF.Z
have been modified or created to imgplement the changes of
this study. 21l cf these modified or created subroutinss
are included in the fcilowing appendices for complete
documentation of this wcrk.

mEmarc: Spmarc.o aercgat.c YesIipm
wak.nil.c rns. ¢ ldun
».f -2 mpmars épmarc.c a
viscdata.o et
surfinf.c ieng
gpmarc.c: cpmarc.f
xl¢ -gdpc -C -c dpmarc.f
asrcdat.c: aercdat.?
xif -gdpc -C -c aerodat.f
restpmarc.o: restpmarc.$
%1% -gdpc -C -c restpmarc.f
search.c: search.f
xX.¢ -gdpc -C -c¢ search.!
viscdata.o: viscdata.?
Xif -3d8pc -0 -¢ viscdéata.!
‘ere.c: dets.f
%1% -3gdpec -C -2 jets.S
wakKinfl.o: wakinfl.f
¥.f -q3pc -C -c wakirnfl.
rhe.c: rhs. £
x.f -33pc -C -c rre.l
idubpot.c: idubpet. £

(XY

xif -gdpc -C -¢ idubpot.{
surfinf.c: surfinf. ¢

%x.f -g3pec -C -c surfinf.<
.ength.¢: length.?

x.f -@dpc -C -c length.$
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Appendix B.
Main Program DPMARC.f

MASTER VERSION NUMEER: Re.ease Versicrn 11.0L, (1718/9C
FURPCSE: MAIN DRIVER FOF PMARI FRISREN

CALLEDZ BY: NONE

LBIRS, SURFINF,WAFINIT,
JMANN, AZRODAT
TAKN, FATHE

ENVIRIONMENT:

VAR VMS FORTRAN, CR

AUTHOR: Dale Ashby,
MS 247-2, KASA Ames Feszarch Centar, Moffetr Field, Th. 4025

CEVELOPMENT HISTORY:

DRTE INITIRLS TESCRIPTION
L/LESRT oLk CHANGEL SCIME LOGICTAL H COMPARRED

A VARIRELE T0 (.0 IN T v SC THAT THE
VARIABLE (kK IT'S A2SCLUTE VALUE wh3 COMPARED
™ EPS :{.000301:. THIS WAS DONE SEVERAL PLACES
TC CORRECT FRECISICH FRCBLEMS ON THE MAT.

CODE DIMENSIONING PARAMETERS
NUMEER OF SURFAZE PANELS ALLOWEL
PRLRIMETEF NSPDIM = 4000)
NUMBER OF NEUMANN FANELS ALLOWEL

SZRAMETER (NNPLIM = S0O!
NUMBER OF PATCHES ALLOUWED
PARRAMETEF (NPDIM = 20!

. vy s

312 PCINTS AILOWED JETFINITION
OF SECTIONE ALLOW
% SF RCWS F COLUMNS - 1 ALLIWED ON & FETZH
NST SET TEIS PARRMETER TO LEF

NIMB

ER OF BAS
C NUMZEF
Z NUMEZ
IO0N: I8

ALS
ALE
-
CAUT

PARAMETER (NBPDIM = 100)

NUMBER OF WAKE FANELS ALLOWED
PARAMETER {NWPLIM = 1509)

NUMEER CF WAKE COLUMNS ALLOWED ON EATH WAFE
PRRAMETER (NWCDIM = 50)
ER OF WAKES ALLOWED
FARAMETER (NWDIM = 5C)

NUMBER CF SCAN VCLUMES OF EACH TYFE ALLUWED
PARAMETER (NSVDIM = 10)

NUMBER COF #0INTS PER OFF-BODY STPIAMLINE ALUIWED




N

DRSNS NS) ) ) )

N an (00N

o

[a]

FARAMETER (NELPLIM = 100G,
NUMBER OF GROUPS CF PANELS ON WrIIH NONIEROC NORMAL VELOIITY 1f FRESCRIEED
PARAMMETER (NVELLIM = 200

NUMBER OF LINES AT » TIME TO EE R
IN THE SOLVER ROUTINZ 'BUFFEPED INPUT FROM THE SCPAT

(TAUTION: DO NDT SET LARGER THAN UNLZES YOU ARE

EINOUGH MEMORY TC HANDLE BUFFEREDL ISPUT.

~ERD IN FOR THE INFLUENCE

PARAMETER (MATBUF = 1!

NUMBER OF WAKE CORNEF POINTS RLLOWEL
FARAMETER (NWCFLINM=(NWPDIM + 1.+l
NUMBER OF SURFACE CORNER POINTS ALLOIWED
PARAMETER (NSCPLIM=(NSPDIM + 1,%2)
NUMBER OF EDGE PANELS ALLOWEL ON A PARTCH

PARAMETER (NEPDIM = NBPDIM * 4}

tar number of viscous data points to be read in 3/2€/93

parameter (nvpts = 30)

conm RLXFAC added z/5/53

COMMON/ CONST / PI, EPS, FOURPI, CBAFR,
+ SSPAN, SKEF, RMPX, RMPY, RMFZ,
- MAXIT, SOLRES, RLXFAC,

RCORS, RFF
COMMON/ INTERNAL / NCZONE,NCIPAN, CZDUE, VREF

ctnm added to iterate a solution with viscous &ata 1/15/82
ctnm updated to include section drag data 2/22/82

ctnm upcated to include section moment and last pass info 3,19/93
cunm updated to include section 1ift data 3/23/63

commoni, iterate /JOLCLS(NPLIM, NBPIIM; ,COLCCSINPIIM,NBFLIM),

- COLCMS (NPDIM,NBPLIM), TCLS, T2DS, ccoms,

- da:pha {npdim,nkpdinm),cd2dpt inpdim, nbpdim:,

- em2dpt (npéim,nopéim) , last, ciZdpt inpdim, nbpéim)

COMMON/ TSTEP / NTSTPS, ITETZP

COMMON/ NEWNAB / KPAN{NSPTZIM,,KSIDE!NSPDIM),NEWNLE(NSFDIM),

- NEWSID(NSPDIM! ,NBCHSE

COMMON/ PNABCR / NABOR{4,NSPLIM;,NRBSID:4,NSPDIN;

COMMON/ NUM / NPAN,NFATCH, NAZXN, NWAKE, NIOMr, NASSEM

COMMON/ CNSET / ALPHA,RLDZS, YAw, YAWTES,

- BETA,WIND:3,3 . PEIDCT. THEDST, PSIOOT,

- COMPOP, SYM,GPR, VINF, VSOUND

COMMON/ PATNAM / PNRME({€,NPDIM)
COMMON/ PATCEES / IDENT(NPIDIM., IPAN(NPIIM), KLRSS(NFIINM;,

- KOMP (NPOIM:, LPAN(NPLIM), NCOL:NPDIM),
- NPANS (NPDIM,, NROWINPLIM)

COMMON/ FRINT 7 L8TINP, LETOUT, LETSEC, LETNAB, LSTWAXK,
- LSTFRQ, LSTCPV ,LSTHLD, LSTJET

COMMON/ VELSET / NOCF (NVELDIM; , NOCL(NVELDIM), NORF (NVELDIM)
+ NORL (NVEL"IN; ,NORPCH (NVELDIM) , NORSET,
- VNORM(NVELLINM)  NVSJETIN(NPLIM)

COMMON/ RUNCNTRL/ LENRUN
COMMON/ SOLUTION / SIG{(NSPDIM;, DUBINSPLIM}, PDUBINSPDINM),
WDOUB(NWPDIM), VX(NSPLIM), VY(NSPDIM),
VZ(NSPDIM), VXR{NNPDIMI, VYEK(NNPDIM:,
VIR {NNPDIM) ,DIAG!NFPLIN),
RHSV{NSPDINM., VNORMAL (NSPLIM;, CPDUB({NSCFLIM;
COMMON/ SPANEL / XC(NSPDIM), YT(NSPDIM), 2C NSPLIM,,

LR S I

+ PCS{3,3,NSPDINM;, AREA(NSPDIM,, PrF(NSPDIM],
- CPSX(NSCPDIM), CPSY(NSIPLIM), CPSZ(NSCPDIM:,
- ICPS(NPDIM), KPTYP(NSPDIM),SMF ! KSPDIN),

+ SMQ (NSPDIM)

COMMON/ SCRFILES /7 JSFIL(4)

COMMON/ LXNITS + UNITS

COMMON/ UNSTIY / OMEGAX,.0,, VFR{Z,1(:, ITETEF
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) 0

wnr VISCOUS added for iteration with v.scous data
wam  dimensiong increased to nvpts 3.1t 7§D
COMMON; VISCZOUS / IVISCS, IDENTV(NPIIM,.,IVPRNT,NVISZ,
- NPVMAX (10 ,ALFZD,.(,nvpts,; ,CL2DL0, nv
- CoID(1C, nvpts; , CMID(LL nvpes; LRLFIRS 1,
- rhsinc (NSPDIM:

COMMON/ WAKNAM, WNAME (6, NWDIM:®
COMMON/ WAKES / NWCOL {NWDINM;, WWROW(NWIIM , IWPANINWDIM ,

+ LWPAN (NWDIM), IDENTW(NWDIM),
- KWPU (NWCDIM,NADIM:, KWPLINWCDIM,NWDIM:,
- PHIU(NWCDIM,NWLIM:, PHILINWIDIM,NWDINM:',
- IFLEXW {NWDINM;
COMMON/ WPANEL / XCW(NWPDIM!, YCW{NWPDIM), LTW(NWPDIM),
- POSW(3,5,NWPLIM!, AREAW(NWPDIM),
- PFFW{NWPLINM),
-~ CPWX (NWCPDIM;, CPWY NWCPDIM), CPW2Z(NWCPDIM),
- ICPW (NWDIM)

dimensior dubic(nspdim,matbuf)
LOGICAL SYM,GPR

(o]

CHARACTER*15 UNITS
CHARACTER*4 PNAME
CHARACTER*{ WNAME
CARLL OPENF

c

C FRewind all scratch files from 17 to 20 and assign unit numbers
c

c 9/93 for wakinfl routine, turns cff viscous output
Do 1 L=17,2C

REWIND L

C8FILIL-16) = L
1 CONTINUVE

c
C REARD IN BASIC DATA AND GEOMETRY INPUT
c
CALL JOBDATA
ChLL SURF3ZEN
IF'LENRUN.ZQ.1)GO TC 50
-
<
¢ FCRM FANEL PARAMETERS AND PANEL NEIGHBORS
o
CALL SURPAN
C2LL NABORS
ITLENRUN.EQ.2'GO TC 50
c
C FORM SURFACE PANEL INFLUENCE COEFFITIENTS
c
IF/LENRUN.NE.2;CALL SURFINF
<
T READ IN WAKE INPUT INFORMATION AND FORM WRKE STAFTING PAFAMETERS
c
CALL WAKINIT
IFLENRUN.EQR.3) THEN
CALL WAKPAN
GO TC 50
ENOIF
c
C START THE TIME STEP LOOP
c .
DC 10 ITSTEP=1,NTSTPS
WRITE(1€,61)ITSTEP
TETIME = ITSTEP * DTSTEP
¢
C SET FRINT CONTROL HOLD FOR THIS TIME STEP
c
IF.ITSTEP.EQ.1.AND.LSTFRQ.NE. 0] THEN
LSTHLD = O
GO TC 20

ZIDIF

IF(ITETEP.EQ.NTETPS) THEN
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LETHLL = C

32X 30
ENLIF
ITEET = ITSTEP

-0 ICHRTINUE

ITEST = ITEST - L3TFRQ
IF(ITEST.GT.0VGC TO 20
IF(ITEST.EQ.0!THEN

LSTHLD = C
ELSE

LETHLD = 1
ENDIF

X
~

CONTINUE
CRLL PATHITSTIME)
TALL WAKPAN

C FORM THE RIGHT HAND SIDE VECITCR
<
CALL WARKINFL
<
C SOLVE THE MATRIX EQUATION FOR THE UNKNOWN DOUELET STRENGTHS
c
CALL SOLVER
<
C DISTRIBUTE THE PROPER DOUBLET STRENGTHS ON THE WAKE PANELS
¢ :
CARLL WARDUB
c
C COMPUTE THE SURFACE VELOCITIES, PRESSURE COEFFICIZNTS, AND MACH NUMBER
< T THE PANEL CENTRCIDS AND CORNER PCINTS, AND FORCE AND MOMENT COEFFICIENTS
o

CRLL NEUMANN
CALL AERODAT

cenm if a viscous case, do the following

if (IVISCS.eg.l:then
ivprmt=1
call viscgata
ivprnt=0

endif

CALL CORNERPT

o
C STEZP THE WAKE
¢

IFiITSTEP.NE.NTSTPS. THEN

CALL WAKSTEP
ENDIF
10 TCHNTINCE

<
¢ COMPUTE SURFACE STREAMLINES AND BOUNIAPY LAYER CRLLULATIONS IF REQUESTED
c
o CALL STLINE
<
C FZRFORM CFFBODY VELOCITY SCALN AND ITREAMLINE CALCULRTIONS

CALL VSCAN
CALL STRMLIN
S0 CONTINUE

cinm  ciose added to clese all units (gets rid of scratch files) 1/8/63

do £1 junit=12,20
close (iunit)
€1 continue
STOP
€1 FORMAT(//1Hl,'TIME STEP',I4)
END
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Appendix C.
Subroutine AERODAT.f

TECK AERCDAT
SUBROUTINE ARERGIAT

PURPCUSE: EVALUATZS SURFACE VELOIITY VETTOR AND PRESSURE COEFFICIENT
AT EACH CONTROL POINT aND INTESRATEZ PREZSURE COZFFICIENTS

TC GET FORCES AND MOMENTS
CALLED BY: PMAKRC
EXTERNAL REFERENCES: SCHEME

ENVIRONMENT: V2X/VME FORTRAN, CRAY IFT77 FOPTRAN,
MACINTOSH DCM MACTRAN PLUS 3.0

AUTHOR: Dale Ashby,
MS§ 247-2, NASE Ames Research Center, Moffett Field, ThA. %4025

DEVELOPMENT HISTORY:
CLTE INITIALS DESCRIPTION

CCOE DIMENSIONING PARAMETERS
NUMEER OF SURFACE PANELS ALLOWED
PARAMETER (NSPDIM = 4000)
NUMBER OF NEUMANN PANELS ALLOWED
PARAMETER (NNPDIM = 50;
KUMBER OF PATCHES ALLIWED
PARAMETER (NPDINM = 20)
NUMEER OF BASIC POINTS ALLOWED FOR ZECTION DEFINITION
(LSO NUMBER OF SECTICNS ALLOWED FER PATCH)

{ALSO NUMBER OF ROWS CR COLUMNS + I RLLOWED ON A PATCH)
CAUTION: DC NOT SET THIS PARAMETER TC LESS THAN 0

PARAMMETER (NBPLIM = 100)

NUMBER OF WAKE PANELS ALLOWED
PRRAMETER (NWPCIM = 1500)

NUMBER OF WAKE COLUMNS ALLOWED ON E2TH WRFE
PAKAMETER (NWCDIM = 50)

NUMEER OF WAKES ALLOWED
PARAMETER (NWDIM = 50)

NUMBER OF SCAN VOLUMES OF ZACH TYPE ALIIWED
PARAMETER (NSVIDIM = 10)

NUMBER OF PCINTS PER OFF-BODY STREAMLINE LLLOWED
PARAMETER (NSLPLIM = 1000)

NUMBER OF GROUPS OF PANELS ON WHRICH NINZEFO NORMAL VELOCTITY IS PRESCRIBED

PAREMETER (NVELLIM = 200
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C NUMEER OF LINES AT TIME TO BT REAL IN FOF THE INFLUENCE COEF. MATRIY
¢ IN THE SOLVER ROUTINE (BUFFERED INPUT FROM THE SCRATCH FILE)
€ (CAUTION: DO NOT SET LARSER THAN CNE UNLISS YOU ARE SURE YOU HAVE
¢ ENGCUGH MEMORY TC HANDLE BUFFERED INFUT..
c
PARAMETER (MATBUF = 1)
c
¢ NUMBER OF WAKE CORNER POINTS ALLOWED
c
PARAMETER (NWCPDIM= (NWPDIM - 1:7*2;
c
C NUMBER OF SURFACE CORNER POINTS ALLOWED
PARAMETER (NSCPDIM=(NSPDIM + 1;*2)
(o
C NUMBER OF EDGE PANELS ALLOWED ON A PATCH
[of
PARAMETER (NEPDIM = NBPDIM * 4)
c
ctnm number of viscous data points to be read in 3/26/93
c

parameter (nvpts = 30)
ctnm subscripts not needeé due to stireamlining of code 2/25/53
c CIMENSION PATFX(NEDIM),PATFY (NPDIM), PATFZ (NPDIM),
c + PATMX (NPDIM), PATMY (NPDIM), PATMZ (NPDIM),
dimension
SUMA (NPDIM), PCLW (NPDIM}, PCDW(NPDIM)}, PCSW (NPDIM),
PCMW (NPDIM) , PCMYW (NPDIM} , PCMRW (NPDIM),
PCLB(NPDIM), PCDB (NPDIM), PCSB (NPDIM), PCMB (NPDIN},
PCMYB ({NPDIM) , PCMRB (NPDIM}, PCLS (NPLIM), PCDS (NPDIM),
PCSS (NPCIM} , PCMS (NPDIM), PCMYS (NPDIM! . PCMRS (NPDIM),
CLW!30),CCDW{10;,CCSW({20},CCMW(10), CTMYW (10
CCMRW;10},CCLB(10),CCDB(10},TCSB(10}
CCMB(10),CCMYB(10),CCMRB (10} ,5CLS¢10),LCDS (18,
CCSE3(10),CCMS (10} ,CCMYS 10}, CTMRS (10,
ACLW{10),ACDW{10),ACSW (20} ,ACMW(10}),ACMYW(10)
ACMRW(10),ACLB (10} ,ACDB(1C),ACSBI10),
ACMB(10) ,ACMYB{10) ,ACMRB(10),ACLS(10),ACDS(10)
ACSS (10} ,ACMS:1C),ACMYS(iC),ACMRS{1C)
KLSS (NPDIM),
N{4) ,NS(4),8XX !4, 5¥Y (4 ,822(4),ICPSSUBI{4)
COMMON/ PATNANM / PNAME{ €, NPDIM)}
COMMON/ FATCHES / IDENT(NPDIM;,
KOMP (NPDIM), LPAN(NPDIM),
NPANS (NPDIM!, NROW(NPLIM)
/ XC{(NSPDIM), YCT(NSPLIM), ZTINSPLIM),
PCS{3,3,NSPDIM), AFEAR(NSPDIM), PFFI(NSPDIM),
CPSX{NSCPDIM!, CPSY(NSCPLIM), CPSZ(NSIPDIM),
ICPS(NFIIM;, KPTYF NEPIIM),SMP{NSPDIM;,
SMG(NSFIINM
!/ LSTINP,

_-Dda

LSTFRQ,

+

4

LR I N T I

IPAN(KPLINM), KLASS(NPDIM),

+ NCOL (NPDIM),
+

COMMON/ SPANEL

+ 4+ 4+ 4+

LETOUT, LSTGEC, LETNAR,
L8TCPV ,LSTHLD, LETJET
SIG{NSPDIM), DUBINSPLIM;, PCUB(NSPLIM),
WDUB(NWPDIM}, VXINSPDIM), VY(NSPDIM),
VZ(NSPTIM), VXR(NNPLIM), VYK(NNPDIM),
VZIR(NNPDIM; ,DIAGINSFDIM),

RHSV ({NSPDIM., VNORMAL(NSPDIM,,

COMMON/ PRINT LSTWAK,

-

COMMON/ SOLUTION /

+ 0+ o+ 4

CPDUB (NSCPDIM)
RLXFAC added 2/5/93
COMMON/ CONST / ZPS, FOURPZ,
SREF, RMPX,
SOLRES, RLXFAC,
RFF
NCIZPAN,

CEAR,

RMPY, RMPZ,

-+
-+
COMMON/ INTERNAL/

NCZONE, C2DUB, VFEF

cinm
conm
ctnm

added to iterate a
upéated to include
updated to include

solution with viscous dJata 1/15/63
section drag data 2/22/93
section moment and last pass info 3/19/93

ctnm updated to include section 1ift data 3/23/63

common/ iterate /COLCLS (NPDIM,NBPDIM),COLCDS(NPDIM,NBFDIM),
COLCMS (NPDIM,NBPDIM) ,TCLS, TCDS, tcms.,
dalpha(npdim,nbpdim},cd2det (npdim, nbpdinm;,
cm2dpt (npdim,nbpdim), last, cilzdpt (npdin,nbpdim)

ZOMMON/ PNABOR /
CCMMON/ SCRFILES

NAESID4,KSPDIM:
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COMMON,

ONSET

COMMON/ UNITS

COMMON/ VISCOUS /

+

COMMON/ NUM
COMMON/ TSTEP
COMMON/ UNSTDY

LOGICAL SYM,.GPR

/

UNITS

/

ctnrm VIRCOUS added feor ivteraticn with viscous data 1/19/63
cenrn. dimensions increased to 3¢ 3/2€6:
conm NITE: maximum of 10 viscous data s5ets can be read in

IVISCS, IDENTV (NPDIM:, IVPRNT,NVISCT,
NPVMAX (10, ALP2DILC, nvpLs) ,CL2D{iC, nvptel,

CD2D(10,nvEts, ,CMED 0, nvpts) ,ALFZRI (1D,
rhsinc(NSPDIM:

NPAN, NPATCH, NWPAN, NWAKE , NCOMP, NASEEM
/ NT8TP3, ITSTEP

/ OMEGA{Z,10), VFR{3,10), DTSTEP

CHARACTER*1S UNITS

CHARACTER*4 PNAME

ctnm dec.ure a viscous wind transform ma

real vwind(3,3)
[of
c
C

INITIALIZE VARIABLES

cinm gscale is a scale factor te s
this could be rade part ©f the input {or each pa
this routine currently assumes that

c
<

gscale =0.9

RMpP 1
SUM = ¢
TCLW
TCOW
TCSW

Tl

TCMRW
COLFX
jete)

COLFZ
COLMX
COLMY
[§(O8 ¥
patix
ratfy
patiz
patmx
patmy
Faimz

¢

n o H
COO0OO .

OO0 O0OOMNMOO -

"
¢ OO0 OoOO

nonH RNy
OO OO0 0D
OO0 QOO0 O0O0

oo

o

cinnm sulkscripts 3ropped

-

X 2711783

~=

Ca.e

the &ynamic pressure on the zail
ek
tail is patch #2 4/22/82

he

due to viscous corrections and

[ streamiining of code /28,932
DO 1 I=1,NPATCH
c PATFX(I) = 0.C
c PATFY{I) = 0.0
c PATFZ(I} = 0.0
c PATMX(I) = 0.0
¢ PATMY (I} = C.0
c PATMZ(I) = 0.0
sSMMA(I) = 0.0
cinm initialiczations added due to cofe change 2.23/93

pelwi(i) = 0.
pcaw(i) = 0.
pesw(i) = 0.
pemwi(i) = 0.
pemyw(i) = 0.
pemrwii) = 0.
peirii) = 0.
pedrii) = 0.
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conm

[N}

[}

CISWINK)

IIMW INK!
CCMYW(NK) = &
TIMRW({NK! = (.0
CONTINCE

o0 ¥ NA=I,N
ACLWINA) =
ACDWINR) =
ACSW{NA) =
ACMW(NA) =
ACMYW {NA)
ACMRW {NA)
CONTINUE

Z3EM
.0
-0
.0
-0

.0
G.C

added to initialize variakles used with viscous data 1/18/93

é¢ "4 np=1,npatch
Gc 5 ne=i,ncol (np)
COLCLS (NP,NC) =C.
COLCDS{NP,NC}=0.
COLCMS (NP,NC) =C.
continue
continue

cinm iritialize the viscous wind axis transiorm matrix 2/11/83

)y )
mn
]
(=]
"n
<
¢
g
el
5

nnnn

FOR INTERNAL FLOWS, COMPUTE THE DCUBLET STRENGTH CON
AVERAGE OF THE DOUBLET STRENGTHS ON THE NEIGHBORING FANELS.

continue
continue

Y = COS(YAW;
Y = SINIYAW)
z.
A

- = COS{xLrHA)
= SIN(ALPHR)

.LT.EPS) THEN
RVI = VINF

= VREF

CONDITICINS

IFSYM; THEN
PSYM = 0.5
REYMI = §.C

LSE
RSYM = 1.0
RSYMI = 1.0
ENDIF

FANEL NCZPAN AS THE

IFINCZONE.GT.0) THEN

N1 = NABOR{1,NCZPAN)
N2 = NABGR(2,NCZPAN)
N3 = NABOR(3,NCZPAN)
N4 = NABOR(4,NCZPAN)

DENCM = 4.0
IF(N1.LE.G, THEN

DUBN1 = 0.0

DENOM = LENOM - 1.0
ELSE

DUBK1 = DUB(N1)

108




ann

(NN

anon

b

DUB (N2}

IF(N3.LE.Q) THEN

DUBN: = 0.0

DENOM = DENOM - 1.0
ELSE

DUBR3 = DUB{N2)
ENDIF
IF{N&.LE. () THEN

DUBNG = (.0

DENQM = DENOM - 2.0
ELSE

DUBN4 = DUB (N4®
ENDIF
IF (DENOM.LT.EFS) THEN

DUB(NZZPAN; = CIDUB
ELSE

DUB (NCZPAN) = (DUBN1 + DUBN2 « DUBK3
ENDIF

ENDIF

COMPUTE VELOCITIES AND TP AT SURFACE CCNTROL
E=0
ifijast.eqg.l)then

write(l13,*) ‘'nccl

- clzdpt crzdpt '

write{ii, =) -

+ DUBN4&) /DENOM

POINTS

zdist

arearat

endif
DC 10 NP=1,NPATCE
ID=JABS (IDENT (NP}
KLSS (NP =IABS (KLASS (NP} )
IT\LSTHLD.EQ. D THEN
WRITE{16,€99;
WRZTE (.6, 600)NP, (PNAME I, NP}, I=1.€;
ENDI
DG 20 NC=1,NCOL{NF)
DSMAX = 0.0
IF/LSTHLD.EQ.O; THEN
WRITE(21€,6013NC,UNITS,RVINF,UNITS
WRITE 26,602

ENTIF
COMPUTE CIRCULATICN FOR EACTH COLUMN ON WING

IF{ID.EQ.1  THEN

KTL = IPAN(NP, « (NC - 1; * NROW(X?;
¥TU = RTL + KROW(NP;, - 1
CIRC = (DUB(KTL) - DUB({(KTUj) * FCURPI
ENDIF
OC 30 NR=1, NROW (NP}

K=K+l
IF(ID.EQ.3)K34=F34~2

SURFACE DOUBLET DIFFERENTIATICON FOR COMPUTIN

DELP = 0.0
DELQ = 0.0
DG 35 I=1,2
II = Ie2
IFLAG = 0
§s = 0.0
NK = K

FIND NEIGHBORS FCR PANEL NK

N,I) = NABOR.I,NR!
NtII; = NABOR(II, NF)
NS(I) = NABSID(I,NK)
NS(II) = NABSID(II,NK)

TYPE

FATCHES
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00

N N NE]

s NeNeNe)

an ey

iF
CN

IF
CN

IF

=

j .GT.C.ARD.KN5.21).G7.01G
)

.3T.C.OR.Re 21, .

NEIGHBOR ON EIDE . CR I
SIDE 5 Ok 4 .

IF(NS(II}.LE.Q; THEN
IFLAG Il-
ENDIF

NEIGHBOR ON SIDE 3 OP & DOESN'T EXIET, FIND NEISHBOR oF NEIGHBOR
SICE 1 OR 2

ELSEIF(NS(II).LE.O) THEN
N{II} = NK
NK = N(I)
N(I) = NABOR{I,NK;
NS(II) = NABSIC:!II,NK)
NS{I) = NABSID(I.NK)

IFLAG = I
IF(NS(I).LE.G: THEN
IFLAG = I-4
ENDI
ENDIF

ELSE

NEIGHBORS DO NOT ZXIST ON EITHER SIDE CF PANEL NK, WRITE MESSAGE
OUTPUT FILE AND GC TC NEXT PANEL

WRITE(16,6€60,K, 1,12
DELP = 0.0
DELQ = 0.0

GC TC 5
ENDIF
NOW THAT NEIGHBOPS AKE IDENTIFIED, DU THE LIFFERENTIZTION

i€

IF{I.EQ..)THEN
SK = SMQ(NK)

ELSE
SK =

ENIIF

|
2]
X
»
g

S1 = SMP(N(I:
ENDIF
IF(NS{II).EQ.1.0K.NS{1I,.EQ.3;THEN
S3 = SMQiNIII;

ELSE

83 = SMP(N(II )
ENDIF
SA = -(S1+S8K)

SB = (S348K)

DB = (DUB(N{II))-DUB(NK))/SB
DA = (DUB(N(I; -DUB(NK))/SA
IF{IFLAG.EQ.I; TEEN

S8 = SB
ELSEIF(IFLAG.EQ.II)THEN
S8 = SA
ENDIF

IF(I1.EQ.1)THEN
DELQ = (DA*SB-DE*SA)/(SB-SA;+*;DB-DA)/ (§B-8A;*S8S
ELSE
DELP = -{((DA*SE-DB*SA) ./ SR-SA;-2"(JB-DA)/(SB-SA; *SS)
ENDIF
ENDI
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ty ty €y

0 nn

0Cynon nnn

€y ) )

IF ONLY CNE NEIGHBCF
IIFFERENCING BETWEEN P!

IF -FMA CEQ. «1-4'

FINS(II).EQ EL.Z THEN
S, = SMQ(N(I-"
ELEE
§3 = SMPINIIZ.,
ENDIF

SE = t83+8K)
IF{I.EQ.1)THEN
DELY = (DUB(N IZI):-DUB(NK!.K /SE

ELSE
DELF = (DUB(K.II,,-DUB(NK,, 33
ENDIF R
ENDIF

IF,IFLAG.EQ. (IZ+4) ) THEN

IFi{NS:!I}.EZ.2.0R.NSI).EQ.4)THEN
81 = SMQI(N(I};

ELSE
S1 = SMP(N{I;;

ENDIF

Sk = (S1+SK}

IF{I.EQ.1)THEN
DELQ = (DUB({N(I))-DUB(NK)) Sk

ELSE
DELP = (DUB(N!(I)}-DUBINK))/S2
ENDIF
ENDIF
CONTI
CALL SCHEME (NROW (NP), NCOL (NP; , IPAN (NP}, K, ITPS (NP;
+ ICPESUB}

DC 31 I=1,4
SXX!{I) = CPSX(ICPSSUBI(I))
SYY{I) = CPSY{ICPSSUBI(I))
82Z{I) = CPSZ{ITPSSUBII})

31 CONTINUE

EX3 = SXX(Z) - XCK)

EX2 = SX¥(2) - XCI(K)

EYZ = 8YY(3) - YCI(K)

EY2 = 8YY(2) - YCiK;

EZ3 = 822(3) - 2TIK)

E22 = 82Z(2) - ZC.K;

¥E3 = EX3 * PCS{I,I,K) + EY3 * PCSII,1.K; «
XEZ = EX2 * PCS{1.1,K) + EYZ * PCS{2,L,K) -
YE3 = EX3 ¥ PCS({i,2,K} + EY> *» PCSiZ,2,K) »
YE2 = EX2 ¥ PCS!2,2,K) ~ E¥YZ * PCSI2,2.K) «
™% = XE3 + XE2

TY = VER + VE2

VELCCITY COMPUTED IN LOCAL PANEL COOPIINATE SYSTEM

VL = (TY * DELQ - SQPRT(TV*TX + TY*TY) * UELP) * FOURPI/TXN
VM = -DELQ * FOURPI

VN = SIG{K) * FOURPI

DUBR = DUB(K, * FOUFFI

TRANSFORM THE VELOCITY VECTOR TC GLUBRL COORDINATE SYETEM
VPX=!(VL * PCES(1,.,K) « VM * PCS(1,2,K) - VN * PCE{1,3,Ki)
VPY=(VL * PCS{2,2,K) + VM * PCS{Z,2,K) « VN * PCS(2.%,K))
VPZ=(VL * PCS(3,1,K) - VM * PCE{3,2,K) = VN * PCS(3,:,K!}
IF(ID.EQ.3) THEN

COMPUTE SURFACE VELOJITIES FOR NEUMANN PATCH

UPPER SURFACE VELOCITIES

VMR=VNORMAL (K) - (VXR (K34 *PCS(1,3,F,-VYF (K34;*PCS (2,3 ,K)
1 +VIR(RK34)*PCS(3,3,K))

VX(K) = VXR{K34) + VPX/2.0 + VMN * PJ81,3,K)
VY(K) = VYR(R34) + VPY/2.0 + VMN * PTS:Z,3,K)
VZ{R}) = VZR(K34) + VPZ/2.0 + VMN * PC8(2,2,K)

LOWER SURFACE VEILOCITIES
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Yy ()

(s NN

00

000

[a NS Nl

0D nn

nNoO

)0

VAL = VMIK, - VEX
UYL = VYR, - VPY
ZL o= VZUK - VPZ
VMAGL = SQPTIVRLFVXL . VYLTVYL - VILZVIL,
ELSE

COMPUTE KINEMATICT VELSCITY VECTOR

S¥X = VFRI{L,KMF, - OMEGA!L,KMP;*IC K - OMZG: ME, TYTIR
VEY = VFR(2,KMP) + OMEGA(3,KMP;*XT{K, - OMEGA(l1,KMP|"IC(K)
cr -

= VFR(Z,KMP; + OMESZ.L, KMP)»vC ¥, - OMESR:(I.XMpP "XT (X

ADD FINEMATIC VELOCITY VECTOR

VZ{K) = VPX - VSX

VV!K) = VPY - VSY

VZ ¥y = VPL - VSZ
ENDIF

COMPUTE PRESSURE COEFFICIENT AND LOCAL MACH NUMBER

VXD
YD

VX(K)

VY {K)

VZD = VZ{K)

VMAG = SQRT(VXD**2 + VYD**2 + VILv*2'

CF = i1 - (VMAG/RVINF)**2 + (Z*FOURFI/{PVINF**Z * DTSTZP)) *
(DUB(K) - PLDUBIK))

PMACH = VMAG/VSOUND

CCMPUTE CP AND MACH NUMBER ON LOWER SURFACE OF NEUMANN PATCHES

IF{ID.EQ.3)THEN
CPL = 1 - (VMAGL/RVINF}**Z + (2*FGURFI/(RVINF**: ~* DTSTEP)) *
+ {DUB(X) - PDUR(K})
PMACHL = VMAGL/VSOUND
ERTIF
PERFORM PRANDTL-GLAUERT COMPRESSIBILITY CORKECTION
IF (COMPOP.EQ. 1) THEN
CP = CP/BETA
CPL = CPL/BETA

ENDIF

COMPUTE THE FORCES AND MOMENTS ON EARCH FANEL

PFTCT = -CP * RREA(K)
IF ID.EQ.3THEN
PFPTOT = - (CP - CPL} * RRERI(X)
ENDIF
PFX = PFTCT * PCS:1,2,K)
PFY = PFTOT * PC8:{2,2,K)
PFZ = PFTOT * PCE(3,3,K)

PMX PFZ * (YC(K; - RMPY) - PFY * .Zl'K, - RMFI.
PFX * (ZC(K) - RMPZ) - PF2 * XCI.K, - RMPX|
FFY * (XC(K)} - EMPX;, - PFX * 'YZ./K} - RMFY)

g

PMT
SUM UP FORCES AND MOMENTS FOF EACH COLUMN ON WING TYPE PATCHES

IF(IDENT(NP).EQ.1) THEN
COLFX = COLFX + PFX
COLFY = COLFY + PFY
COLFZ = COLFZ + PFZ
COLMX = COLMX + PMX
CCLMY = COLMY + PMY

COLMZ = COLMZ + PMZ

SUM = SUM + AREA(K)

CCMPUTE THE LEADING AND TRAILING ED3E TJORDINATES FIR EATZH COLUMN OF
FANELS ON TYPE 1 PATCHES. ALSO COMPUTZ THE CHORD LENGTH

IF{NR.EQ.1) THEN
XTE = SX¥N1. - EXX4
YTE = 8YY 1, « SYY(4)
ZTE = SZL(l) + SZZi4)
ENDIF
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[e B Ne]

00000

aOonnNnno

o¥ o= ENNil:
Y = SYY (L)
o2 = sz
DS = DX*OX «+
IF{DS.GT.PSMAX:
DSMAX=DS
XLE = (8¥X'2; « SXX(3;. 1.T
YLE = (SYY.Ii + SYY3) .2.0
LE = {SIZi2, - 822¢3:1:L.0C
ENLIF

DX = XTE/2.0 - XLE
DY = YTE/2.0 - YLE
2 = 2TE/2.0C - ZLE
CHORD = SQRT(DX*DA + DY*DY + DI*DL,
YOVRSSPN = YLE/SSPEN
ZNDIF

SUM UP THE FORCES AND MOMENTS FOR EZACZH celumn 3/18/8%

PATFX = PATFX - PFX

PATFY = PATFY - PIY
PATFZ = PATFZ ~+ PFZ
PATMX = PATMX + PMX
PATMY = PATMY + PMY
PATMZ = PATMZ + PMZ

SUMA (NP} = SUMA(NP) + AREAI!K)/SREF
IF (LSTHLD.EQ.0) THEN
WRITE(26,6C03)K, XC(K),YC(K,,2C{K;,DUBK, VXD, VYL, V2D, VMAS, CP, PMACKE
IF{ID.EQ.3)THEN
WRITE(16,603)K, XC{K),¥Z(K),2C{K,,DUBR, VXL, VYL, V2L, VMAGL, CPL,
“ PMACHL
ENDIF
ENDIF
30 CONTINUE

COMPUTE SECTION FORCE AND MOMENT COEFFICIENTS FOR WING TYPE PATCHES

-nm added to aliow modification to aiphe for viscous calculations
pha calculated in rhs.f 2/11/93
IF{IDENT (NP} .EQ.1:THEN
ifiivprnt.eg.0ithen
COLCLW = COLFX * WIND(Z,3: - COLFY ™ WIND(Z,3) =
+ COLFZ * WIND!3,3}
COLCDW = COLFX * WIND{:,l1) + TOLFY ¥ WIND(2,1) =«
+ COLFZ * WIND3,:)
COLCSW = COLFX * WIND(1,2) + COLFY * WINDIZ,Z) =~
+ COLFZ * WIND{3,2)
SOLOMW = DOLMY o WIND!D,I0 - COLMY T WINT
- COLMZ * WINDi3,2
COLCMYW = COLMX * WIND{L,2; - COLMY * WIND!Z,3) -
+ COLMZ * WIND(3,2)
COLCMRW = CCLMX * WIND(LZ,i' ~ COLMY ™ WIKRD(Z,1) -
+ COLMZ * WIND:(2,1)
SUM = SUM/Z.0

L,y -

COLCLW = COLCLW/SUM
COLCDW = COLCDW/SUM
COLISW = COLCSW/SUM
COLCMW = COLCMW/ (SUM * CEAR;

COLCMYW = COLCMYW/(SUM * SSPAN!
COLCMRW = COLCMRW/ (SUM * SSPAN)

else

SET THE CURRENT ALPHA ANGLE AND THE CURRENT UNIT FREE-STREAM
VELOCITY VECTOR medified for viscous calculations 2/25/93

VALPHA = ALPHA - dalipha(np.nc)
vcal=cos (VALPHA)
veal=sin (VALPHA)
VCA = CY * vcal
VSA = CY * vsal

UX = VCA
UY = SY
U2 = VSA

US = SQRTIUX"*2 + UY""2)
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VWIND L, 1, = UX
VWIND(Z,1; = UY
VWINDZ, 3, = UC
VWIND.Z,2: = -UY/US
VWIND(2.2) = UX/US
VWINDIZLZD = (LC
VWINDI{L,3 =
VWINDie, 3, =
VWIND{2,2} = US

C COMPUTE SECTION FORCE AND MOMENT 0
< using the viscous wind matrix
COLCLW = COLFX * VWIND|!I,Z) + JTLFY *® VWINDIZ,3' -
+ COLFZ * VWIND!Z,3;
COLCDW = COLFY * VWIND(1,3) - COLFY * VWIND(2,3: -
+ COLFZ * VWIND(Z,1)
COLCSW = COLFX * VWIND(1,2) - COLFY * VWIND(z,2) =
4 COLFZ * VWIND(2,2)
COLCMW = COLMY. * VWIND(1,2) - COLMY * VWIND(Z,2) =~
+ COLMZ * VWIND(3,2)
COLCMYW = COLMX * VWIND(1,Z} - COLMY * VWIND(Z,3. =«
+ COLMZ * VWIND{3,3)
COLCMRW = COLMX * VWIND!1,1; - JOLMY * VWIND(Z,1: -
+ COLMZ * VWIND(Z,l1)
SUM = SUM/2.0
COLCLW = COLCLW/SUM
COLCOW = COLCDW/SUM
COLCSW = COLCSW/SUM
COLCMW = COLCMW/ (SUM * CEAR)
COLCMYW = COLCMYW/(SUM * SEZFAXN,
COLCMRW = COLCMRW/(SUM * S3PiN;
[of
ENDIF
o
C CONVERT SECZTION CCEFFICIENTS FROM WIND TCO STARILITY AXES
ctam subscripts added for viscous dats caitulations 1/15/%3

COLCLS (NP,NC, = COLCLI
ctnm  added to included viscous fiowfielid corrections
i¢ ({ivprnt.eg.0ithen
COLCDSINF,NZ) = COLCDW * CY - ZCLC3W * §Y
else

COLCDS(NP,NC! = JOLCDW * QY - JJLCSw * €Y + cdzdpting,nc:

endif

COLCES = COLCSW * CY + COLTIWw * ZY
COLCMSNP,NC; = COLIMW * CY - !EE
COLCMRS = COLCMRW * CY + (CBRR/E3
COLCMYS = CCLCMYW

M

C

C CONVERT SECTION COEFFICIENTS FROM WIND TO BOTY AXES
c

ctnm added for viscous iterations 2/22/%:

if(ivprnt.eq.0)then

COLCLB = COLCLW * CAL + CCLIIW * CY » SAL +

+ v SAL

COLCDB = COLCDW * CY * CAL - COLCLW = SAL -
> * CAL

COLCSB = COLCSW * CY + COLCOW * SY

JQLISw ~

BREN;, ¥ COLIMW ™

AN/CBAR) * COLTIMRW » gY

3y

tny
3

JOLCSW v gY

COLCMB = CCLCMW * CY - (S3PAN/CBAR; * COLCMPW * SY

COLCMRB = COLCMRW * CY v CAL + (CBAR/SSPAN)
+ SY * CAL - COLCMYW * SAL
COLIMYB = JOLIMYW v JXL 4+ TILTMPW » TV v 220

- COLCMW * gy * SAL

eise
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........... -
COLTMRE = .
. v ox veas
COLCKYE -»CL:HYM’ - Iy -
- COLCTMW * ¢V = Vgrl

ation of SUM movesd to sca.e :-& frag increment

JZLEY = O
SOLFY = ¢
ICLFT = 0
2 = ¢
COLMY = 0
TOLMZ = O

WRITE SECTION PRFAMETERS AND COEFFICIENTS TC CUTPUT FILE
wam i Ln oa viscous iteration, skip these writes

if (ivprnt.eg. gote 300
WRITE (26,67
WRITE!(1€, €7
, €7
€7

-

WRITE (1€

5
€!XLE,VLE, ZLE, CHORL, CIRZ, TOVRSSPN
7,

WRITE(1€,€7¢&:

CCLOLW, ZOLCDW, SOLCSW, TCLOMW, COLTMYK, SOLTMRW

cinm sukscript added for iteration with viscous Gata 1.,1857/62
WRITE(1€,€79:ZOLCLE(NF, N, COLID F.NCZ:,20LTsE,
- COLCMS (NP.NT, .w...;m. , CCLCNMRS

WRITE(1€,€8C0, CCLOLE, COLCDE, COLCSE SOLIMB, CULINYE, JOLIMEE

30C centinue

ENTIF
< UT THE PATCH FIRCE AND MIMENT IDATR IN WIND AMIS COE ENT FCEM
[

[= 32 4C Np=1,NERTTH

(=3 PCIWINP) = FATFX NP} * WIND(L,2: - PATFY!NP, *» WIND I,Z =
c + PRTFZ (NP} * WINC.Z,3)

< PCDW (NP) * WINL(1,1) » PATFY NP, ™ WINIZ,L =
[ - FRTFL (NP,

< FCSW NP T WIRT!1,2° « PATFY NP, = WIND 2,20 «
< - FATFZINF. * WINDIZ,2;

c PCMWINP) = PATMM(NF, * WIND(1,2) - BRTMY(NF: * WIND . Z.l. ~
[ - PRETMZ (NF, = WIND . X, 2;

< PCMYW (NP = PATMXINP, * WIND:!1,3, ~ FRTMY(NE' * WIND.Z,Z
< - PATMZ (NP, * WIND 3,3,

< PCMRW({NP; = FPATMX NP, * WIND.L,1) -~ FRTMY (NP, * WIND.I,:..
c + PRTMO(NP; * WIND:(Z, 3,

c PCLW{NP) = PCLW(NP /(SREF;

< PCDWINP; = PCOWNP, /:{SREF)

< PCSW NP} = PCSW{NP!/.SREF;

c PCMWI(NP) = PCMW(NP)/{SREF * CEAR)

c PCMYW(NP) = PCMYW(N?P)/ SEEF * SSPAN)

c PCMFW (NP; = PCMRW(NP)/(SEEF * SEPAN;

c 40 CONTINUVE

¢ SUM UP COMPONENT, ASSEMALY,AND TOTAL FORCE AND MIMENT

¢ CJOEFFICIENTS IN WIND AXES

c

c OC 20 NP=1,NPATCH

c CLW/KOMP (NP} ) = CCLW(KOMP(NP), » PCLW:NP)

< TIIW(KOMP(NP,) = CCDW(KIMP(NP), + FCOLWINP)

< CCSW\I-:OMF‘(VP}) = CCSW(KOMP\NP) + PCSWINP)

[ad = + PCVMA . NE)

c ACA.MVLAQS\NH =




AZ0W KLASS (NP = AJ

ATS ’i}'LASSINr, i = AT
EIMW L ELASSINE, = AT

AZMYW KLRIS(NP. . = AT
ATMRW(RLEES (LY = ATM

TILW = TCLW - PCLWINP,

TIOW = TCDW - PTDWINF.

TI5W = TCSW - PCSW(RP; * RSYMI

CMW{NP /REYNM

TIMW = TCMW - F
TCMYW = TOMYW - PIMYW'NP; * XSYMI
TCMRW = TOMRW + PCMRW(NP) * RSYMI

CONVERT FATCH CCEFFICIENTS FROM WIND TC STARILITY RNES
PCLS (NP} = PCLW(NP)

PCDEINF) PCDwiNP; * CY - PISW(NF. ~
PCSS (NP CSW (NP} * CY + PIDW(NP; ™
PIME (NP PCMW (NP, * CY + [SSPAN/CEXR
PSOMRS !NF) = POMRW(NF) * CY - (CBAR/SSFEN
PCMYS (NP] = PCMYW(NP)

"o

n

.p oy i
et

CONVERT PATCH COEFFICIENTS FROM WIND TC BUDY AXES

PCLB(NP! = PCLW(NF) * CAL + PCDW(NP, * CY * SAL - PCSW(NP; * ZY

- v SRL
PCDBINPY = PCDW{NP} ¥ CY * CAL - PCLW(N?, = S2L - PCSW(NP; * Y
- * CAL

PCSB(NP; = PCSW(NP! * CY - PCOW(NP; * SY
PCMB(NP) = PCMW(NP) = CY - (SSPAN/CEAR; * PCMR’K’.NP; * s
PCMRE (NP) = PCMRW(NP) * CY * CAL + (ZEBRR/SSPAN; * PIMW{
-~ SY * CAL - PCMYW(NP, * SAL
PCMYB(NP) = PCMYW(NP) * CRL + PCMRW/NP) * CY * SLL + (CBAR/SSPRN)
- * PCMW(NP} * SY * SAL

50 CONTINUE

b4
NP} *

"
n
K4

PUT THE PATCH FOURCE AND MOMENT TATA IN WIND A¥IS CCZIFFICIENT

NMNOONDNNTOANNNTNONONNNNNNNNDNNNOGONNNN0 0N 000N

if{ivprnt.ec.0 .or. ident(np).ne.l)the
PCIWW = PATFX * WINDl..J) + PRTTY *

. WIND{Z,3;, = FATFZ * WIND(Z, 3
COWW = PATFX * WIND(I,l) + BATTY =
. WINLD(Z,i} + PATFZ * WIND(3,1
PCSWW = PATFI * WIND(1,2) =+ P.:.'.’.-‘v -
- WIND(Z,2; + PATFZ * WI ND '
PCMWW = PATMX * WIND{(i,2)} «+ F?-.""{Y .
- WZND(Z,T./ . PLTMZ v ¥

MWK "'\:)'-v\r""r‘ S
- PATMZ * WIND!3,:
PIMRWA = PATMX * WINDIZ,1) + SATMY ~

- WIND (2,3 + PATMZ " WIND{Z,I,
PCLWW = PJOLWW/ {SREF)
PC DWW PCDWW/ (SREF)

)

PCSWW = PCSWW/ [SREZ!

F"‘)fw'w' PCMWW/ (SPEF * CEAR,
CMYWA = PCMYWW, (SREF ¥ SIEEN,
PCMwa = PCMPWW/ (SREF * 3SPAN,
else

PCLWW = PATFX * vwinéi(i,3) + PRTFY ¥
- vwind(2,3} + PATFZ * vwind!3, 2

PCOWW = PATFY * vwind(l,1; + ®ATFY *
+ vwind(2,1; + PATFZ * vwind::,1

PCSWW = PATFX * vwind(l,2) » PATFY .
. vwind(2,2) = PATFZ * vwind:Z,l:

cinm check to see if this is the last pass 3/19/93
if(last.eqg.i then

ctrnm assume that the input 2-& data s riferenced Lo Lrne Juarter

< cherd. if it is not, this value will need tc be aiided as

c an input ¥/19/18%

smref = 0..8
ctnm define the perpendicular ®,y and © S.5%ances ICr noments 3/i8/93




cinn only xdist ie neegec
xdist = rmpx -

yaéiss = yle

€

PRT FatFI * rydisct 4
FaLMYy = PaLFX * (zdist <
FatMl = PatFY * (Xdis:t <
calcul T t b = Trie Sr

POMWW = PATMX * vwind 4
- vwindi(2,2) + PATMI
PCMYWW = PATMX * vwind(l A
- vwindi2,2; - FRTMI
PCMRWW = PATMX * vwind.l,l) -
- vwingiz,l) + PARTMZ * vwin

conr gscale is & scale factor to scale the dvnamic pressure on the tail
c this routine currently assumes that the tall ig patch #2 4/22/63
if (np.eq.2)then
PCLWW = PCLWW*gscale/!SREF)
eise
CLWW = PCLWW/ (SREF)
encif
PCSWW = PCSWW/ (SREF!
if{last.eg.0)then

PCDWW = PCDWW/ (SREF)
PCMWW = PCMWA/{(SREF * CBAR}

czam Gefine ratic of areas for 1ift, dra
cinm 3728793

Lo}
[
3]
(¢
1
[}
=
O
4]
(24

cerrections

zrearat = sum/sref
¢ciar 53¢ the viscous Grag component ¢35 PMART's indurel drag 2/16/62

PCDWW = PCDWW/!SREF, + céidptinp.,nc,* arearat

cT ied pitching moment for viscous noment and momente caused
cinm by friction drag 3/16/%3
cinm gscale if a scaie factor to scelie the Gynamic pressure c¢n the zail
c this routine currently assumes that thée tail is patch %2 4/02/%3
if{np.eg.2)then
PCMWW = (gscale*c.2épt .np,nT *xéist -
. cmzdpt (np,nc; * chord « ciZiptinp,nc)*zdist, *
- arezrat/ckar
else
PCMWW = (cildpting
-~ cézdpt (n
endif
write(12,689)nc,xle,x
- cildpt{np,nc!,cm
endif
PCMYWW = PCMYWW/ (SREF * SEPAN,
PCMRWW = PCMRWW/ (SREF * SSPAXN;
endif

cinm re-initialiced due to use aE a "worring® variatls
sum = C.
patfx
patfy
patfz
patmx
patmy
patmz =

HoHoNn
CO0OO0DD00

CONVERT PATCH COEFFICIENTS FROM WIND TC BILIY AXES

0oNnan

tnm  summation added due to viscoue correctione 2/029/93

ifiivprat.ez. 0 .cor. identinp .ne.l o

PCLE(np) = PCLBILP) + PILWW * CAL « FI0Ww * 7Y -
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- PCRWwW * &Y v ShL
FCCB DR - PIDWw * IV v TAL - FILAwW Y SAL -

gy « CAL

-
PCSE 'np! =~
PCME (np! -
- gy
PIMRE (np! d
- Sy = CAL -
FCMYE (LR - + FIMRiww Ty SAL +
- DARN ¥ PTMWw ~
else
-
-
-
CSB ¥ z
FIME(LE) = PIMBInD) + MWW * OV ~ (ESFAN/CBRR. * PCMRWW *
- SY

PIMRB(Lp) = PCMRE(np; - PCMRWW * TY * vcal + (CBAR/SSPAN; =

+ CMWW * SY * vcal - POMYWw * vsal
PCMYE (np) = PCMYB(np; + PCMYWw * vEal - PCMRWW * CY =
- vsal + (CBAR/SEPAN) * PCMWw * €Y * vsal

endlf

pciw(np) = pclwinp) + PCLWW
pcéw(np) = podwinp) <+ PCOWW
peswinp) = pcswinp) + PCOSWW
pcrwi{np) = pcmwi{np! + PIMAW
pemyw(npi) = pcmyw(np; = POMYWw
porrw(np) = pomrwinp) + FIMRWW

g continue

Ny continue

T SUM UP COMPONENT, ASSEMBLY,AND TCTAL FCRCE AND MOMENT
C COEFFICIENTS IN WIND AXES
¢

DO 50 NP = 1,NPATCH
CCLW{ROMP(np) ) = CCLW!XOMPirp
CCDW(KOMP (ng) » = CCDW(EIMP(ngp.
CCSW(FOMP (np} ) = CCSW/FOMP'ng.
CCMW (KOMP (nip: . = CCMwW
CCMYW (KOMP . np, ) =
CCMRW (KOMP(np;; =
ACLW{KLASS (npi) =
ACDW{KLASS(np), =
LCSWIKLASSing)) =
AZMW(KLAES inp)) =
ACMYW ' FKLASS(ND. | = L
ACMRW . KLASS (np,, = ACMRW . KLAZZ @ -
TILW = TZLW - PCLWINp)/FSYM
TCOW = TCDW - PIDWInD) /T
TISW = TISW -~ PISWinp) *
TCMw = TIMW + PCMWInp; /F2YM
TCMYW = TCMYW - POMYWirnp! F
TCMRW = TOCMRW - PCMRW(np) =

MRw (np)
- PCLW . np)
- PCOWing.
- PISW . np)

-~ POMW np

. F

CONVERT PATCH COEFFICIENTS FROM WIND TC STREILITY RXES

00

PCLS(np} = PCLW(np}
PCCS(np) = PCDW(np) * CY - PCSW.np) * SY
PCSS{np) = PCSW(np) * CY + PCOw.np) * S8Y
PCMS(np) = PCMW(np) * CY + (SSFAN/TBAR) -+

+ PCMRW (np) * SY
PCMRS (np) = PCMRWinp) * CY » (ZBAR/SSPAN, «

- FCMW {np) * EY
PCMYS!np) = PCMYwW!np)

£0 CONTINUE

CONVERT CCMPONENT COEFFICIENTS FROM WIND TO STABILITY AANIS

[sRsNe]

DG €60 NK=1,NCOMP

CCLEINK) = CCLW(NK)

CIDE NK) = CCOW(NK) * CY -
CTSEINK) = CISWNK; * CY -
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N o

N0

N 00y

A NN

RSN}

<
c
c
ct

e N2 Ns]

IIMEIIFS = JTMwINEL 7 » Y
TIMRS(NE = TOMRWINK ¥ EY
TIMYSINE = CIMYWINH
CONVERT COMPONENT COEFFICIENTS FROUM WINID TC BIZY

SCLEINK, = TOLWIME, v AL - TTOWOE x IY xozil - ITSWINE
- * SAL
SCOBIRE, = SIDWLONE: v TV o TRL - TILW MK rosrl - TISWINE,
- * CaL
TCSBINK) = COSWINK: * TV
CIME(NK; = CIMWINEK, = TV

-

CCMRE (NK) = CCMRW(NK,
+ SY * CAL - CCMYW(NK;
CCMYB(NKE) = COMYW(NK; =
+ * CCMWINK) * &Y ™ ShL

60 CONTINUE
CONVERT ASSEMRLY COEFFICIENTS FROM WIND TO STREILITY AXZS

DO 70 Nh=1,NASSEM

ACLS (NA) ACLW (NA)

ACDS (NA) ACDW(NA) * CY - ATSW(NE, ¥ ¢
ACSS (NA) ACSW(NA) * CY + ACDW(KA' +* SY
ACMS (NA) ACMW(NA} * CY + {SSPAN/CBAR) ¥ RCMRW(KA; * SY
ACMRS(NA) = ACMRW(NR} * CY - (CBARR/SSPARN) * ACMWiNL) ~* SV
ACMYS (NE) = ACMYWINA:

(L]

CONVERT ASSEMBLY COEFFICIENTS FROM WINI TO BODY AXES

ACLB(NA) = ACLW(KE) * CZAlL - ACIW!XNZ: = &Y * SAL - ARISWINE)
+ * SAL
ACCE(NA) = ACDW(NAR) = CY * CAL - ACLWIKA, * SAL - ATSWiNA)
+ v Cal

ACSE(NL) = ACSW(NA) * CY » ACDW({Nx: + &V
AOME(NE! = ACMW(NA) = CY - (SSPAN/CEBARR! * ATMBRWINA; * 5Y
ACMPB(NA, = RCMRWINA) * C¥ » CAL - .CBAR/SEPAN) * AIMWINZ,

+ 8Y * CAL - RCMYW(NA; * SAL

ACMYB(NB, = ACMYWI(NA) * CAL - AJM3W Ni' = CY * SAL - (CBRR/S

+ * ACMW(NA) * SY * SAL
78 ICONTINUE

CONVERT TOTAL COEFFICIENTS FROM WINI T2 STAEILITY RNES

TCLS = TCLW

TCDS = TCDW * CY - TISW * 8Y

T2SS = TCSW * CY - TCIW * SY

TOMS = TCMW = CY + (SSEAN/CBARFY * 7T
TCMRS = TOMRW * CY - (JERR/SSPAN.
TIMYS = TOMYW

CONVERT TCTRL COEFFICIENTS FROM WIND T3 BILY AXES

TCLE = TCLW * CAL + T3IW = CY * ZrlL - TI8W = 2Y

- * SAL

TCOB = TCOW * CY * CARL - TCLW » 220 - TTSW * €Y

- * ChL

TCSE = TCSW * CY + TCDW * SY

TCMB = TCMw * CY - {SSPAN/CBAR; * TIMRW +» £Y

TOMRE = TCMRW * CY * ChL + (CBAR/ESFRN, » TIMw *

+ SY * CAL - TCMYW * SAL

TCMYB = TCMYW * CAL + TCMRW * CY * SARL - (CBAR/SSPAN; =
- TCMW * SY * SaL

PPINT OUT ALL FORCE AND MCMENT CZATA
nr if in a viscous iteraticn, skip these writes
if (ivprnt.eg.l) goto 301
WRITE (16,699}
WRITE(1€,6C4)
WRITE(16,€50)
WIND AXES CCEFFICIENTS

WKITE(16,607!
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PR £;, FTLWINT
- Mw U, PCMYW (NP}, PCMRWI(NF . SUMA (NF
3¢ CCNTINUE
WFITE 16,€10
WFITE 16,628
DC 8¢ NE=1,NTOMP

WRITE\2€, €22 NK, SCLW(NK, , SCOW{NK, , SCSWINKI . I0MwW [ NE
- CCMYW (NK! , CCMRW (NK)
ce JONTINUE

WRITE(1€,612;
WPITE'1€,626!
DT 5I KA=1,NASSEM
WEITE(1€, €22 KR, ACLW{NA, , ACDW (XA ,ACSW NL; , ATMW (N&) ,
- ACMYW (NA) , ACMRW (NA;
s2 CONTINUE
WRITE(16,€15;
WRITE(16,6€27;
WRITE (16, 624) TCLW, TCDW, TCSW, TCMW, TCMYW, TCMRW

(s Mol

STABILITY AXES COEFFICIENTS

WRITE{16€,€59)
WRITE 26,608}
WRITE (16,605,
WRITE(.€,60€)
DC 82 NP=1,NPATCH
WRITE (16,620, NP, (PNAME(I,NP),I=1,6),PCLS(NP), PCDS{NF),PCSS{NP;,
- PCMS (NP, PCMYS (NP) , PCMRS (NP} , SUMA (NF)
c WRITE{13,620}NP, (PNAME{I,NP),I=1,6;,PCLS(NP)
62 CONTINUE
WRITE(16,610)
WRITE(16,62°F
DG 88 NE=1,NCOMP
WRITE(16,622,KK,CCLS(NK), CSDS (KR!, CCS8 (NK), CIME NK:,
+ CCMYS (NK) , CCMRS (NK)
23 CONTINUE
WRITE.16, 612}
WRITE(16,62€)
DC $4 NA=1,NASSEM
WRITE 1€,622)NA,ACLS(NA),ACDS (NA) ,ATSS (NA} ,ATMS (NR),
- ACMYS (NA) ,ACMRS (N2
54 CONTINUE
WREITE(16,613)
WPITE(16,627)
WRITE(16,624)TCLS, TCD3, TCSS, TOME, TOMYS, TCMRS

BOIY AYES COEFFICIENTS

0 N0y

WFZITE(16,628)
DC &4 NP=1,NPATCH
WFITE'16,620NP, (PNAME(I,NP),I=1,6;,PCLB(NP;,PCIBINF: ,PCER(NF;,
- PCMB (NFP;, PCMYB(NP!, PCMRE (NP} , SUMA (NP}
84 CONTINUE
WRITE(16€,610}
WRITE(16,629)
DO 90 NK=1,NCOMP
WRITE(16,622;NK,CCLBI(NK),CIDB(NK) ,CC8B(NK), CCMB(NK) ,
> CCMYB(NK) , CCMRB {NK)
S0 CCRTINUE
WRITE(16,612)
WKITE(16,630)
DG 96 NA=1,NASSEWM
WRITE (26,622 NA,ACLB(NA),ACDE(NE} ,AC3B!NA),ACME (NA),
- ACMYB (NA} ,ACMRB (NA)
96 CONTINUE
WRITE(16,615)
WPITE!16,631)
WFITE (16,624, TCLE, TCDB, TO8R, TIME, TIMYB, TCNMPB
211 centinue

ctrnm  output for data comparison, added 12 dec 92, if added 1/25/93
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0Oy

Jflivprnt.eg.i.or.ivprnt.eqg.
v e

i
WKITE (13, €24, REAL\ITSTER, ,AL0EC. T2LE, 7028,

DY
+3
)
4
[}

endi €
€nuLi

RITURN
FORMAT STATEMENTS

€CC FORMAT{ X, 'AERCDYNAMIC DATA FOF PATIH'.IT, 11X, €247

€01 FCRMAT, /LX, 'COLUMN',IZ,40), 'VELOCITIZS
+2X,'VINF = ',FiC.4,A15/!

6CC FORMAT(1X, *PANEL', 11X, 'K, X, "Y', ¥X, C°, 11X, DUE', 12X, VX', 10X,

~'VY¥', 10X, 'VZ*,11X, 'V, 10X, "CP*, BX, "MACH"

FORMRT!1X,IE, 2%, 3F1C.2, X, F12.4, 0%, 4710 . ¢

:::)RM_L.':'( //BOX, TP YT TNV LT TN ITNSVINTINRNE R /3:}:’

-'FORCE ANL MOMENT COEFFICIENTS'/3CX, 'wworwwsrvevrvwsvrvrvsre:

iEEEERE O g

605 FORMAT!30X, "PATCH COEFFIZIENTS' /3CK, ‘----mememmesommmnas 3

6G6 FORMAT(LX,'PATCH',10X, *NAME', 18X, 'CL',EX, 'CD’,€X, 'CY', 7%, 'C_n’,
-7%,'C_n’,7X, 'C_1',5%, 'PATCE AREA/SREF'/)

607 FORMAT(/30X, ‘*=w=sv=xv' /30X, 'WIND RXE

606 TORMAT(/30X, ‘*wwrwrerwszesw: 30X, 'STAEILITY RXES'/30X,
+rETITTETTTITISIYY ) /)

609 FORMAT( /30X, '*¥=vevsv=' /30X, ‘BODY ANTS' /30X, **svvrwws'/)

610 FORMAT( /30X, 'COMPONENT COEFFICIENTS ' /3L, 'mmmmsmmmcoomommnoe ‘

“femeet /)

2 FORMAT(/30X, ‘ASSEMBLY COEFFICIENTS' /30X, =--c--csemmmoevenconn ‘

& FORMAT(/30X, *TCTAL COEFFICIENTS'/30X, '=-=--=m=comeeeannn N

0 FORMAT(1X,I5,6xd,6F1C.4,10%,Fi0.4}

¢

5

[}

€C
6C

2
‘.

R SRR LA S AL S L L IIVEY

} FORMAT(1X,IE,24X,6F.0.4)
FORMAT (30X, 6F1C.4)
FORMAT(1X, 'COMP', 11X, 'NAME' 28X, 'CL",8X,'CO"', 8%, 'CY",7X, 'C_m',

7%, 0., X, C_i )

€2¢€ FORMAT(1X, 'ASSEM', 10X, 'NAME', 18X, 'CL',EX, 'CD' ,€X,'Cy",7X,'C_m*,

7%, 'C.n,7X,'C_i /)

€27 FORMAT(38X,'CL',8X,'CD',8X,'CY"',7X,'T_x*,

+7¥,ent X, 0L )

628 FORMAT(1X,'PATCH',10X, 'NAME',18X, ‘CN',&X,'C2"',8X,'CY' 27X, 'C_m',

+7¥,'C_n’,7X,'C_1*,E¥, "PATCH RREAR/ERZF'/}

€29 FORMAT 1X,'COMP', 11X, 'NAME', 1EX,*ON',BX,'Cr', 8%, 'CY",7X, ',

+7X,'C.nt, X, CLl )

€30 FORMAT(.X, 'ASSEM',10X, 'NAME’", 18X, CN' EX, 'CR',8X,'CY, 7)., 'C_m',

+7X,'Cnt, 7R, C_L )

€21 FORMAT{(38X,'CN',EX,'CR',6X,'CY" 7%, 'l o

<T¥,Cnt, IR, CLL
€50 FORMAT(.1X,'NOTE: If the geometry s paneilsd using a pians of'
-' gymmetry about the Y=0.C p.ane, cnly the total fcrce and'/lX,
-'moment coefficients’,
+* will include the contribution from the image pansls.'/ /)
€60 FORMAT{//.X%,'PANEL',L1X,18,1%, '"HAE NC NEISHBCRS ON SIDES!
+ 1X,I2,%X,'AND',1¥,22,1X,'. THEREFCFE TANGENTIAL SURTAT

try ~

+' VELOCITIES CANNOT BE COMPUTED FOR TEIS PRNEL.'’/)
€75 FORMAT{/1X, 'SECTION PARAMETEZRS'/EX, 'YLE',7X,'YLE',TX, 2L
+*CHORD*, €X, 'CIRC',tX, '"YLE/SSPAN",
€7€ FORMAT(1Y.,5F10.3,4X,F10.3}
€77 FORMAT(/18X,'CL",EX,'CD",8X,*CY",7¥,"Com' T4, 'Cn 7%, 'C_3 )
€76 FORMAT(.)., ‘WIND',SX,€6F10.4)
€79 FORMAT(IX, 'STAEILITY',6F.(.4;
€80 FORMATI2X, 'BODY"’,tX,6F10.4;
€8S format(ix,i3,7{ix,£6.4))
€45 FORMAT(1H1)
END

1]
n
-

121

’




Appendix D.
Subroutine IDUBPOT.f

*DECK IDUBPOT
SUBROUTINE IDUBPCT (scale,CXF,lYP,CIZ,FOX,PJY,FJZ,
e CNX, CNY, N2, XF, Y7, 2P, CJIK, CIKI)

cinm scale added te argument 1ist o receive the scaling factor for the
doublet strengtih on the first wake 4,/.5/83
cjkl brings cacx to waxkinfl Tne va!ue of cjik for the 1St wake coliumn

PURPOSE: THIS ROUTINE COMPUTES THE VEZLOCITY POTENTIAL INFLUENCE COEFFICIENT
ON PANEL K DUE TC A UNIT DISTRIBUTED DOUBLET ON PANEL C

CALLED BY: WAKINFL
EXTERNAL REFERENCES: CROSS

ENVIRONMENT: VAX/VMS FORTRAN, CRAY CFT77 FORTRAN,
MACINTOSH DCM MACTRAN PLUS 3.0

AUTHOR: Dale Ashby,
MS$ 247-2, NASA Ames Research Center, Moffett Field, CA. 94C35

DEVELOPMENT HISTORY:
ORTE INITIALS DESCRIPTION

OO0 NOO0NNDOOO0ONO0O000

ctnm Lonoy added to make EPS available te ITZUBPOT 4/7/93
ctnm RLXFAC added 2/5/83

COMMON/ CONST / PI, EPS, FCURPI, CBAR,

+ SSPAN, SREF, RMPY, RMPY, RMPZ,
+ MAXIT, SOLRES, RLXTAC,

+ RCORS, RfF

REAL CXP(5),CYP(5),C2P(5)

CXP (5) =CXP (1)

CYP (5) =CYP (1)

CZp (5) =CZP (1)

PJKX = XP - PJX

PCKY = YP - PJY

PJKZ = 2P - PC2

PNIK=P JKX*CNX+PCKY*CNY+PJKZ*CN2Z
TMX= (CXP (3)+CTXP{4)) /2, - POX
TMY= (CYP (3)+CYP{4})) /2. = BCY
TM2Z=(CZP {3)+C2P{4)})/2. - PC
TMS=S{URT (TMX*TMX~+TMY *TMY~+~TMZ *TMZ)

C »»»»+ OMX,CMY,CMZ CCMPONENTS OF THE 'M' VEICTOR bR
CMX=TV.X/TVMS
CMY=TMY/TNMS
CM2=TMZ/TVS

C #*e** CLX,CLY,CLZ COMPONENTS OF THE *L" VEICZTOR 2o
CALL CRCSS (CMX,CMY,CMZ,CNX,CNY,CNZ,CLX,CLY,CLZ)
CJK = 0.
CJK1I = 0.

DO 10 Ns=1,4
AX = XP - CXP (NS)
RY = YP - CYP(NS)

= 2P - CZP({NS)
BX = XP - CXP (NS+1)

= YP - JYP(NS+1)
B2 = 2P - C2P(NS+1)
A=SQRT (AX*AX + AY*AY + AZ°*A2)
B~SQRT (BX*BX + BY*3Y + B2*B2)
XS = CXP({NS+1) - CXP(NS) .
YS = CYP(NS+1) - CYP(NS)
25 = CZP(NS+1l) - CZP(NS)
S=SQRT (XS*XS + YS*YS + 25°*2S)
SM=XS*CMN+YS*CMY+25°CV2
SL=XS*CLX+YS"CLY+25"CL2Z
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AM=AX*CMX+AY*CMY+RAZ*CMZ
RIL=AX*CLX+AY*CLY+AZ*CLZ
BM=BX*CMX~BY*CMY+B2"CM2Z
BL=BY.*CLX+BY*CLY+BZ*CLZ

PA=SM* (AL*AL+PNJIK*PNJIK) -AM*hL*5SL
PB=SM* (BL*BL+PNJK*PNJK) -BM*BL*SL
RNUM=S1*PNJK* (A*PB-B*FA)
DNOM=PA*PB+PNJK*PNJK*A*B*S1* 5L

tnm the folliowing is added to handie the special case of when the
c peint 3 lies in the plane of the panel k, as per VSAERC
c thecry document 4/B/93

call cross{ax,ay,az,xs,ys,zs,rls,rly.rlz)
rls=sqgrt{rlx*rlix+rly*rly+rlz*xrlz)
rlsx=rlx/ris

rlsy=rly/rls

rlzz=xrlz/rls

ctnm take the dot product of the previous vector and the normal
vector of the panel tc determine if tne control point is en
the right or left side

1f rlsn>D, rightside

{ rlsn<0, Jefrside 4/8/93

nonoon

-

rlsp=rlsx*cnx+rlsy*cny+rlsztcnz
ctnm if the projected height apprcaches zerc from the positive side
{1f£{pnjk.gt.C) then
if (dnom.gt.0)then
DUBINF=C,
ctnm if dnom “approximately” equals zero
elseif (abs{dnom).lt . EPS)then
ctnm if on the “right” side

if{risn.gt.0.)then

ri
DUBINF=pi/2.

cirm i1f on the “lefi“side
else

DUBINF=-pi/2.
endif

ctnm if cnom less than zero

else
ctnm if on the “right” side

if (risnr.gt.C.)then
DUBINF=pi

ctnm 1f on the “left“side
else

DUBINF=~pi
endif
endif

ctnm {f the projected height approaches zerc from the negative side
else

if (dnom.gt.0.)then
DUBINF~0.
elself (abs{dnom).lt.EFS)then
ctnm if on the right side

{f(risn.gt.0.)then
DUBINF=-pi/2.
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eise
ctnm Lf on the lef
endi
ctnm i{f on the “lef
else
cinm 1f on the righ

b

ctnm if on the left

e

e
end
endif
else
DUBINE =
encif
ctnm if working on

c to tip),
c ivided

side

DUBINF=pi/2.

£

t”side

t side

if({risn.gt.0.)ther

DUBINF=-pi
side
lse
DUBINF=pi
néif

if

ATANZ (RNUM, DNOM)

the first wake column, (assumes wake is paneled from roct
use doublel effect based on scale= length of three sides
by the perimeter of the wake panel 4/15/93

CJK1 = CJK: + (scale”DUBINF)

ClK = CJK

10 CONTINUE
RETURN
END

« DUBINF
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Appendix E.
Subroutine LENGTH.f

Subroutine length (wpiX,wpiy,wotiz, scale)

PURPOSE: computes a ratio of the lengths cf sices 1,2 § 3 t¢ the peri-
meter of 38 wake panec! (used to Scale the first wake column
to be able to remove the wake panels from the body)

Assumes wake pane.ing is from root tc tip

EXTERNAL REFERENCES: none

ENVIRONMENT: VAX/VMS FORTRAN,CRAY CFT77 F
MACINTCSH DCM MACTRAN PLUS 3.

AUTHOR: Thomas N. Mouch,
KU FRL, University of Kansas, lLawrence, KS 66045

DEVELOPMENT HISTORY:
DATE INITIALS DESCRIPTICN

OONOANNDONOOOGOO0O000 00 00N

dimension wpix(5),wpty(5),wptz(5)
sumnum=0.
sumdnm = C.

cinm step through the 4 sides

do 10 npts=1,4

ExX=wptX (npts) -wptx (npts+1}
dy=wpty (npts)-wpty (npts=+1)
dz=wptz (Npts) -wptz (npts+i}
side=sqgrt (€x*dx + dy*dy + cz*cdz)
if (npts.le.3) sumnum=sumnum + side
sumgnm = sumdnm + side

10 continue

ctnm determine the ratio of (sum c¢f three sides)/perimeter
scale = sumnum/sumdnm

return
end
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Appendix F.
Subroutine RHS.f

FPPOCE: THIS ROUTINE FORMS RIGET

VELOCITIES
CRLLED BY: WAKINFL
EXTERNAL REFERENCES: NONE

ENVIRONMENT: VAX/VMS FORTRAR, CRAY CFT77 FORTRAR,
MACINTOSH DCM MACTRAN PLUS 3.0

AUTHOR: Dale Ashby,
MS 247-2, NASA Ames Research Center, Mcffett Fieig,

TUEVELOPMENT HISTORY:
DATE INITIALS DESCRIPTION

CODE DIMENSIONING PARAMETERS
NUMRER OF SURFACE PANELS ALLOWED
PARAMETER (NSPDIM = 4000;
NUMSER OF NEUMANN FANELS ALLOWED
PARAMETER (NNPDIM = 55
NUMSER OF PATCHES ALLOWED
PRRAMETER (NPDIM = 20)
NUMSER OF BASIC POINTE ALLOWED FOR SECTION DEFINITION
(ALSC NUMBER OF SECTIONS ALLOWED PER PATCH)
(ALS0 NUMBER OF ROWS OR COLUMNS + 1 ALLOWED ON A PATCH)
CAUTION: DO NOT SET THIS PARRMETER TC LEES THAEN IC!
PARAMETER (NBPDIM = 1C0)
NUMBER OF WAKE PANELS ALLOWED
PARRMETER (NWPDIM = 1500;
NUMSER CF WAKE COLUMNS ARLLOWEL ON EACH WAKE
PARAMETER (NWCDIM = 50)
NUMBER OF WAKES ALLOWED
PARAMETER (NWDIM = 50)
NUMBER OF SCAN VOLUMES CF EACH TYPE ALLOWED
PARAMETER (NSVDIM = 10)
NUMBER OF POINTS PER OFF-BCDY STREAMLINE ALLOWED
PARAMETER (NSLPDIM = 1000;
NUMBER CF GROUPS OF PANELS ON WHICH NONZEFO NORMAL VELOCITY

PARAMETER (NVELZIM = 200)
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T NUMBEF ©F LINES 2T 2 TIME TJ BE READ IN FIR THE INFLUENCE
2 IN THE SOLVER ROUTINE (BUFFERED INPUT FROM THE SCRaTCH FI
T  (CAUTION: DO NOT SET LARGER THAN CNE UNLESS YOU ARE SURE yIU HAVE
C ENOUGH MEMORY TO HANDLE BUFFEREL INPUT!:!
<
PARAMETER (MATEUF = 10
T NUMEER OF WAKEZ CORNEF POINTS ALLOWEL
PARAMETER (NWCPDINM= (NWFDIM + 1i*2;
o
T NUMBER OF BURFACE CTANER pOINTS ALLOWED
FPRRAMETER (NSCPLIM=(NSPIIM + 1,*Z;
c
C NUMBER OF EDGE PANELS ALLOWED ON A PATTH
PAREMETER (NEPDIM = NEPDIM ~* 4
o

ctnm number of viscous data points t¢ be read in 3/2€/63

parameter (nvpts = 30)
CIMENSION DURBIC (NSPDIM),

+ VNP (KSPDIM),
- SORSIC {NSPDIM)
ctnm RLXFAC added 2/5/S3
COMMON/ CONST / PI, EPS, FCURPI, CBAR,
- SSPAN, SREF, RMPX, RMPY, RMFZ,
+ IT, SOLRES, RUXFAC,
+ RCORS, RFF

COMMOR/ SOLUTION / SIG(NSPLIM), DUE(NSPDIM}, PDUB(NSPLDIM),
WDUB (NWPDIM), VX.NSPLIM), VV(NSPDIM;,
VZ{NSPLIM), VXR{NNPDIM), VYR(NNPTIM),
VZR (NNPDIM},DIAG{NSPLIM},

+ + + 4+

COMMOK/ PATCHES / IDENT(NPDIM), IPAN(NPDIM), KLASS(NPLIM!,

+ KOMP (NPDIM), LPAN(NPJIM}, NCOL(NPDIM),
+ NPANS (NPDIM), NROW(NPDIM)
COMMON/ SPANEL / XC{NSPDIM), YC(NSPDIM!, ZC{NSPDIM),
+ PCS{2,2,NSFDIM), ZREA(NSPDINM,, PFF(NSPDIM),
CPSX(NSCPDIM), CPSY(KSCPLIM), CPSZ(NSCPLINM},
- ICPS(NPDIM;, KPTYF(NSPIIM},SMFINSPLIM,,
+ SMQ (NSPTIM)
COMMON/ INTERNAL / NCZONE,NCZPAN,CZDUE ,VREF
COMMON/ TSTEP / NT8TPE, ITSTEP
COMMON/ NUM / NPAN, NPZTCE, NWPAN, NWAKE , NCOMP, NASSEM
COMMON/ ONSET / ALPHA, RLDEG, YAW, YAWDES,
+ BETA,WIND(3,3),PHIDOT, THEDOT, PSIDOT,
+ COMPOP, SYNM,GPR,V
COMMON/ PRINT / LSTINP, LSTOUT, LETNAE, LSTWRK,
- LSTFRy, LSTCPV ,LS8THLD, LETJET
COMMON/ SCRFILES [/ JPLOT, JDUBIC,
- CSCRIT, IMU

COMMON/ UNETDY ; OMEGA:(3,10), VFK.Z,.0;, DTETER
cinm VISCOUS sdded for iteration with viescus Gata 1/,267693
cenm  dimensions increased to 3C 3/2€/93

COMMON/ VISCOUS s IVISCS, IDENTV(NPDIM,,IVPRNT, NVIST,

. NPVMAX{10),ALP2D(1C,nvpts), Cuzl{id, nvpts),
. ¢D2D{10,nvpzs),CMID{10, nvpts) ,ALPZRG{10),
- rhsinc {NSPDIM)

ctnm added for viscous ncrmal velocity 2/5/63
real VFZnew(nspdin),vixnewnspdim}
LOGICAL SYM,GPR
REWIND JSORIC
REWIND JDUBIC

C
C SET UP THE CURRENT FREESTRIAM VELOCITY VEITOR
C
KMP = 1
00 10 NP=1,NPATCH
VFX = VFR{1,KMP)
VFY = VFR(Z,RKM?)

VFZ = VFR{3,RK™M?P,
veal=sqgrt (vExTvixsvizTviz;
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D0y £y

[

nnNnnon

00

wnn LIYEnt o

add tne increment ir alphs t¢ tns

a

5 7 dzipan(npj,ipan(ng:
VFZnew!Jj;=vinfr(-sin.asin.-VFI'Vvin
vixnew(j. =vinfr.-cos.acos . -vixsvin

continue

endlf

OMESG2

y=a2

Yo an

-
s

OMEGA |1, KMP!
OMEGE (1, KMP;

CMEGA {3, RMP;

I

B4

G

CMEGRZ

"o

FIND COMPONENT OF FREESTREAM VELOTITY NORMAL B FPANEL AND AIL TU
ENY PRESET NORMRL VELOCITY FOF

e

o]

xR

K=IFAN (NP, LPAN(NP:

PCS(1,3.K)

YN B28(2,3.K)

ZN PCS!3,3,K)

VRX = YC(K) * PCS.3,3.K;

VRY = 2C({K) * PCSI{1,3,K) XC (K}

VRZ = XC(K) * PCS{2,3,K) YC (K}

changed for viscous data 2/5/%3

if{ivprnt.eg.1l)then

VNP({K) = VNORMAL(K) + VFXnew(k} * XN + VFY * ¥YN + VFZnew(k;
* ZN + OMEGAX * VRX + OMEGAY * VRY + OMEGAZ * VRZ

20K}

wnm  VEZ

else
VNP (K) = VNORMAL(K)
OMEGAX = VRX + OMEGAY * VRY - OMEGAZ

+ VFX * XN + VFY * YN « Vrl
* VRZ

* IN «+
encif
SET SOURCE VALUE FOR EACH PANEL

IF(IDENT{NP} .NE.3, THEN
SIG({K) VNP (K} /FOURPI
ELSE
§IG(K)
ENDIF
CONTINUE
10 CONTINUE

= 0.0

[
]

COMPUTE THE INITIAL RIGHT HAND SIDE VECTCR

DO 2C NP=i,NPATCH
DC 30 J=IPAN(NP}, LPAN (NP}
IF{NCZONE.GT.0} THEN
READ(JDUBIC; (DUBIC(K; . .K=1,NPFAN;
ENTI
READ(JSORIC)
ES 0.0
DT 4C K=i,NFAN
IF¢( .GT.0.AND.K.EC.NCZPAN,
+ CZDUB * DUEIT(K;

(SORSICI(K}, K=l NFAN;

THEN

ELSE
EJ

ENDIF

CONTINUE

RASV{J) EJ

IF(IDENT(NP).EQ.53 ) RHSV(J)

30 CONTINUE

20 CONTINUE

REWIND JSORIC

REWIND JDURBIC

format(2x,1i3,3x,6{2x,£10.5)}))

RETURN

END

EJ + SIG{K} * SORSICI(K;

40

S

- VNP (35}

601
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Appendix G.
Subroutine SEARCH.F

*ZETK SEARRCE

SUBRCUTINE SEARCHE dmax,Ga.pi,cl,alfast.clzalc,

fURPOSE: searches through arn
greater than thée ingu
between these twe poi

CALLED BY: VISCDATA

EXTERNAL REFERENCES: NONE

ENVIRONMENT: VAX/VMS FORTRAN, ZRRY TFT77 FORTRAN,
MACINTCSE DCM MACTRAN PLUS 3.0

AUTHOR: Thomas N. Mouch,
KU FRL, University of Kansas, Lawrence, KS 6604°%

DEVELOPMENT HISTORY:
DARTE INITIALS DESCRIPTICN

CODE DIMENSIONING PARAMETERS

NUMBER OF SURFACE PANELS ALLOWED

DN OOOONNDNOOO0OGONGNNOD00ON 00

PARAMETER (NSPLIM = 4000)

¢ NUMBER OF NEUMANN PANELS ALLOWED
c
PARKMETEF (NNPDIM = 50)
c
C NUMBER OF PATCHES ALLOWED
o
PARRAMETER (NPDIM = 20)
c
C NUMBER OF BASIC PCINTS ALLOWED FOR SZITION [EFINITION
C (ALSO NUMBER OF SECTIONS ALLOWED PER PATCE,
T LJALSC NUMEEF CF ROWS OPR TOLUMNE - 12
T CAUTION: DC NOT SET THIS PRRAMETEK
FLRAMETER (NEPDIM = 10C)

-  «u{BER OF WAKE FANELS ALLOWED

~
i FARAVMETEP (NWPZIM = 2500)

’:‘ NUMEER OF WAKE COLUMNS ALLOWED ON ZATE WriZ

c PARAMETER (NWCDIM = 50)

E NUMBER OF WHAKES ALLOWED

i PARAMETER (NWDIM = 50)

Z‘ NUMBZR OF SCAN VOLUMES OF EACH TYPE ALLOWED

. FARRMETER (NSVDIM = 10)

E NUMBER OF POINTS PER OFF-BODY STKEAMLINE ALLOWED

c PARAMETER (NSLPDIM = 1000)

:‘ NUMZER OF GROUPS CF FRNELS CN WHITH NINIZ®T NIFM2L VELTIITY 18 PRFESTRIEED
<

PARAMETER (NVELDIM = 200;
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am
AL A

ROUTINE

NUMEER OF LINZS
PN SCLVEK
Do

MEMORY

ENCUGH

NNOno0rn
4
3
<
.

)0y €
7
I8
ir
1
kil

FARAMETER (NWCPCIM= (NWPDIM -

TIME TC EE

{BUFFERECD
NOT SET LARGER THAN
TC HANILE BUFFERED

TF PCINTS RLLO

1

z
C NUMBER OF SURFACE CORNER POINTS ALLOVED
¢
EARRMETER (NSCPLINM=(NSFDIM + 1:7Z
<
C NUMBER OF EDGE PANELS ALLOWED ON A FATTH
PARAMETER (NEPDIM = NBPUIM * &)
ot
conm  numper of viscous data points to be reacd in 3/2€/82
c
parameter (nvpts = 30;
real dalpl(nvpts),alipact,cl(nvpes;
cenm initialize the counter
k=1
ctnr.  set the flag showing a value hasn’t been found
iflag=0
20 continue
CThnm  test t¢ see if the current value is greater than the Jesires valus
If(Ga.piik}.gc.alpact)then
ceam if it is greater, then if you have compared mcre than one value,
< interpclate
I&8{k.gt.
-valull s ovajul-velul,
rwisCaieY (clik, -Cci k-1
cTnm  a point has been found
iflag=l
€lse
ctnm i it isn’t greater andonly cne value cangered,
cLnm you‘re not in the data ranje,returr the lowest valug
write (&, », 'out ¢f range low, seiiing minimum’
cicalc=cl L
ctnm  a peoint has beer found
iflag=1
endif
eise
cirm  if you have compared all ¢f the values, -nen cut of range high
if(k.eg.imax)then
write!§,”; 'out ¢f range high, setiing max’'
clcale=cliimax;
cinm  a point has been fcund

ifilag=1
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Appendix H.
Subroutine VISCDATA.f

LETK viscdata
SUSROUTINE viscdatla

PURPOSE: EVRLUATES THE CORRECTIONS i CNAL LIFT
COEFFIZIENT TC INCLUDE VISTID METHID

I8CIC THOD
CHZN3ES THEE RHE VEITCR TE

CARLLED EY: PMARC
EXTERNAL REFERENCES: SEARCH, SGLVER, WAKDUE, KEUMANN, AERODAT

ENVIRONMENT: VAX/VMS FORTRAN,CRAY C OF TRAN,
MACINTOSH DCM MACTRAN PLUS 2.8

o1

AUTHOR: Thomas N. Mouch,
KU FRL, Uriversity of Ransas, Lawrence, KS 66C04%

LEVELOPMENT HISTORY:
OATE INITIALS DESCRIPTIO

7

CODE DIMENSIONING PARAMETERS
NUMBER OF SURFACE PANELS ALLOWED
PARAMETER (NSPDIM = 4000)
KUMBER OF NEUMANN FANELS ALLOWED
PARKRMETER (NNPTIM = 50!
NUMBER OF PATCHES ALLOWED
PARAMETER (NPDIM = 20!
NUMBER CF BASIC POINTS ALLOWED FOR SECTICN IEFINITION
{ALSO NUMEER OF SECTICNS ALLOWED PER PATCH:
{AhLSC NUMBER OF ROWS OR COLUMNS + 1 ALLOWED ON A PRTCTH:
CAUTION: DO NOT SET THIS PARAMETER TC LESS THAN L0
PARKRMETER (NBPDIM = 100)
NUMBER OF WAKE FANELS ALLOWED
PLRAMETER (NWPDIM = 1500
NUMBER OF WAKE COLUMNE ALLOWEC ON ZTRCH WARZ
PARAMETER (NWCDIM = 50)
NUMBER OF WAKES ALLOWED
PARAMETER (NWDIM = 50)
NUMBER OF SCAN VOLUMES OF EACH TYPE ALLCWED
FARAMETER {NSVDIM = 10)
NUMBER OF POINTS PER OFF-BODY STREAMLINE ALLIWED
FARAMETER (NSLPDIM = 1000)
NUMBER OF GROUPS OF PANELS ON WHICH NONZEPC NIRMAL VELOCITY IS PRESCRIZED

PARAMETER (NVELDIM = 2GC)
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+ HANDLE BUFFE

1Y Yy €y 0

(RS ID]

non

NUMBER OF EDGE PANELS ALLOWED CK R PATTHE

Dnn

PZRAMETER (NEPDIM = NEPDIM =* &
ctnm number of viscous data points tc be read in 3/26/93

~

parameter (nvpts = 30}

NUMBER OF VISCOUS ITERATICNS ALLOWED

0 o0n

PARAMETER (itparm = 50)

conm RLXFAC added 2/£/53

COMMON/ CONST / PI, EPS, FOUFFI, CBAFR,

+ SSPAN, SFEF, RMPX, RM?PY, RMPZ,
+ MAXIT, SCLRES, RLXTAZ,

+ RCORS, RFT

L-l

ctnm added to iterate a solution with viscous data i/
ctnm updated to include section drag data 2/22/93
ctnm updated to include section momernt and last pass info 3/19/93
cinm updated to include section lIft & 3723783

common/ iterate /COLCLS (NPDIM,NE ) »COLCDS (NFPDIM, NBFLIM),

o o
o«
o
<4

+ COLCMS (NPDIM,NBPDIM),TZLS, TCDS, tems,

+ delpha (npdir,nopdim) , cidpt inpdim, nbpdim),

+ emidpt {npdim, nbpdim), sast, cL2dpt (npdim, nbpdim)
COMMON/ NUNM / NPAN, NPATCH, NWPAN, NWAKE , NCOMP, NASSEM

COMMON/ ONSET / ALPHAR, ALDZ3, YAW, YAWLES,

+ BETA,WIND{3,3.,PRI DCT,"FTDCT,PQ‘“"“

- COMPOP, SYM, GPR, VINF, VSOUN
COMMON/ PATCHES / IDENT(NPDIM), IPAN(NPDIM), KLASS(NPDIM),

- ROME (NPDIM;, LPANINPLIM), NCOLINFLIM,.

+ NPANS{NFIIM,, KROW(NPLIM}

COMMON/ SOLUTION / SIG(NEPIIM,, DUBINSPIIM), POUE(NSPIINM;.

+ VAINEPQIM), VYI(NSPDIM),

- VZINSPDIM,, VXEINKFDIM!, VYFI(NNPIIM.,

+ VZR (NNPDIM, ,DIAGI(NEPLIM),

+ RHSV(NSPDIM), VNORMAL(NSPDIM,, CPDUB(NSCPDIM)

ctnm  VISCOUS added for iteration with viscoue data 1/19/63
tnm  dimensions increased to 30 3/2€/93

COMMON/ VISCOUS / IVISCS,IDENTV(NPDIM), IVPRNT,NVISC,

- NPVMAX (10}, RLP2D(1C,nvpss),CL2D(10 nvpts),

. CC2D(10,nvpts), CM2D(10, nvpts) , ALPZRO(10),
rhsinc (NSPOIM)

real alxfer(nvpts),clxfer(nvpts;,cdxfer \nvpts),cmxfer (nvpts)
real cldiff(itparm),clstorivparm, , cdstor(itparm!,

+ cidifactiitparm), cmstor (itparm)

radgcon=80./pi

rixcld = rixfac

ctnm initialize a flag to show we have convergence and are making
foded 3.4 the last pass

last = C
write(l3,*)'alpha = ',alphs,'aldeg = ',aldeg
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<inr

cinnm

Tnm

0
s

cLnm

cLn

ba b

o+

conm

cunm

3,%)" RLXFAC = ', RLXFAC

inizialize the ccunt for numbsr ¢f ¢l iterations

e -t la)
parsyege 1
set 2 flag for wnsther ¢ use & relaXation factor ¢r not based
s alpham is exceeded 4/16/93

continue

ialize the count for panel locaticon

count the number of iterations
itclzitel+l

check tc see if solution has converged
if {last.ec.0) then

set 2 limit on number of iterations

if(itel.gt.itparm) then
write.13,¥; ‘'Maximum number cf iterations exceeded, Cldiff =

- ,cildiffc
last = 1
goto 70
endif
encit

if {itcl.eg.l} then
do 10 npit=i,npatch
do 1l ncit=i,neolinpit)
da.pha(npit,ncit)=C.
continue
continue

endif
dc 20 np=il,npatch

acdsd o try to *expedite*® convergence on
s using a Cifferent relaxation facior on tail

:f inp .eg. 2} then
rixfac = z. * rixfac
else
rixfac = rixold
endif
if a wing pateh, modify the circuliation for the 2-4d data
if (ident(np).e3.1) then
ivéata=identv{np;
use the proper column cf alpha and cl2d
do 22 itran=1,npvmax(ivdata)
aixfer(itran)=alp2d{ivdaca,itran)
clxfer(itran)=clzdiivdats,itran,
céxfer(itran)=cd2d(ivdate,itran’
cnxferiicrarn)=cm2d(ivdata,itran:
continue
write(l3,")" k aiphae 13-4 ciie-d) H
+ deiza &’
write l:,*,"
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dc 21 nc=1,ncol (np.
clratio=coleising,nei/olislers
ificiratio.gt.1.0, then
write{id, ¥} ‘clratio > 1I.J°
clratio = ¢.99
endil

wnm mpute algpha metric - alpha/induc ir degrees, Jue Lo 1ooKup
cinm  computé alpha/geometric alpha’: r o T

ifialpeff.lt.alxfer(l} aipeff=eixieril}

ctnm lookup the 2-d cl for this alpha

call search{npvmax(ivdata),a.xfer,cixfer,alpefs,
+ cladptinp,nc))

ctnm lookup the cd and cm oniy if this it the last pass

if{ last.eg.l) then
call search(npvmax(ivdata),alxfer,caxfer,alpef?,

- cdzdpt{np,nci)
call search(npvmax(ivdaza),alxfer,-mxfer,alpeff,
- cm2dpt (D, RS )
endif

ffactor=ci2dpt {np,nc)/colelis ing, ne)

cwnr dalphra is in
dalpolcé=dalphai{np,nc)
dalpnew=alpha - asin(fsina)
ifiireiax.eq.0ithen
dalpha(np,nc)=(i-rixfac;*da.pcld « rinfac=3alpnew

else
éaipha (np,nc)=dalpnew
irelax=0
endif
write(13,600)nc,alpeff,colcls
- ,clidpt np,ne;, ffactor, dal

ao 30 nr=1,nrowinp)
cenm  dalpha is “overrelaxed’ overall by a factor of 1.1

rhseinc(k)=1l.l*Galpharg,nc,

k=K+l
30 continue
22 continue

elise
cinr if not a wing patch, set the circulaticn increment to zero
do 40 nc=1,ncol (np;

do 50 nr=1,nrowinc)
rheinc(k; =0.

k=k+21
50 continue
40 continue

endif
20 continue

ca.l wakinfl
call soclver
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yehen

li=ciold
ly=cdclé
lj=cmold

%

N gie s AT AifEewn
clgiif = r,cldific+i00.

{last. e3. 1) goto 80
change in CL less than C.3% reduce rlxfac to prevent ‘chatter®
{cidiffr.1t.0.003)r2xfac=0.1*rilxfac

ctnm if change in CL less than C.5%, do another iteration

if (cidiffr.gt.C.005) gote 5
gotc 5

&0 continue
do 90 i=1,itmax-1
write 23,662 i-1,cléifacc(i;,clstorti),céstorii),mstor(i)
S0 continue

ctnm reset the last flag when finished with viscous caiculations 4/17/83

last = 0
60C  ‘format{il,2x,5(3x,£8.5:)
601 <format(2x,i3,5%,%8.2,2(2x,58.3))
€CZ  format,2,13,5x,£8.4,3(2x,£8.4))

en
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Appendix L.
Subroutine WAKINFL.f

*JECKE WAKINFL

SUBROUTINE WAKINFL

~

C PURPOSE: CALTULATES THE WAKE POTENTIAL INFLUENZE 27 THE SURFAZE TORNTRCL
< PCINTS AND COMBINES THESE WITH THE SURFAZE ANI ONSET FLOW

< IN ASSEMBLING THE COMPLETE MATRIX AT EZACH STEP

c

C CALLED BY: PMARC

<

ctnm length added to scale the wake doublet irnfluence for the first wake
ceclumn, therefore don't need wakes from the body 4/15/83
EXTERNAL REFERENCES: IDUBPOT, PTDUBPOT, RHS, DISTANCE, SCHEME, length

ENVIRONMENT: VAX/VMS FORTRAN, CRAY CFT77 FORTRAN,
MACINTOSH DCM MACTRAN PLUS 3.0

AUTHOR: Dale Ashby,
MS 247-2, NASA Ames Research Center, Moffett Fiel&, Ch. 640382

DEVELOPMENT HISTORY:
DATE INITIALS DESCRIPTION

CODE DIMENSIONING FARAMETERS

NUMBER OF SURFACE PANELS ALLOWED

OO0 ONNDONONONOOMN0NCN0

PARAMETER (NSPDIM = 4000)

; NUMBER OF NEUMANN PANELS ALLOWEL

) PARAMETER (NNPDIM = 50}

g NUMBER OF PATCHES ALLOWED

- PLRAMETER (NPDIM = 20)

g NUMBER OF BASIC PCINTS RLLOWEL FORK SECTION JZFINITICON
C  «ALSO NUMBER CF SECTIONS ALLOWED PER FATTH)

C {ALSC NUMEER CF ROWS CF COLUMNS + 1 ALLOWED ON A FATCH)
C CAUTION: DO NOT SET THIS PARAMETER TO LESS TEAN L0!
: PARAMETEK (NBPUIM = 100)

:‘Z‘ NUMEER COF WAKE PANELS ALLOWED

‘ PARAMETER (NWPDIM = 1500)

Z‘ NUMBER OF WARE COLUMNS ALLOWED CN EACH WAKE

~

) PARAMETER (NWCDIM = 50)

g NUMBER OF WAKES ALLOWED

: PRRAMETER (NWDIM = 50)

g NUMBER OF SCAN VOLUMES OF EACH TYFE ALLOWED

) PRRAMETER (NSVDIM = 10)

Z NUMBER OF PCINTS PER OFF-BODY STREAMLINE ALLOWED

FARAMETER (NSLPLIM = 1000)
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NUMBER OF GROUPE OF PANELS ON WHITH NONIERS NORMAL VELDCITY

) Y Oy

PARAMETER (NVELDIM = 200)

C NUMBER OF LINES AT A TIME TC BE READ IN FOK THE INFLUENZ MATRIY
¢ IN THE SOLVER ROUTINE (BUFFERED INPUT FROM THE SIRATIH FILE)
C (CAUTION: DC NOT SET LARGER THAN ONE UNLESS YOU AFE SURE YOU HAVE
T ENOUGH MEMORY TC HANDLE BUFFERED INPUT.
PARBRMETER (MATBUF = 1)
C NUMBER OF WAKE CORNER POINTS ALLOWED
c
PARAMETER (NWCPLIM= (NWPDIM ~+ 1;*2!
C NUMBER OF SURFACE CORNER PCINTS ALLOWEZ
c
PARAMETER (NSCPDIM=(NSFDIM - 1i+2;
o
C NUMBER OF EDGE PANELS ALLOWED ON A PATCH
<
PARAMETER (NEPDIM = NBPDIM * 4)
o}

ctnm number of viscous data points tc be read in 3/26/83

parameter (nvpts = 30)
DIMENSION SMPW {NWPDIM), SORSIC KEPDIM),
DUBIC (NSPDIM,MATBUF' ,XSE{4),YSE(4}
COMMON/ SOLUTION / SIG(NSPDIM), DUE(NSPDIM), PDUB(NSPDINM),
WDUE (NWPDIM), VX{NSPDIM), VY(NSPDIM:,
VZ(NSPCUIM), VXRI(NNPDIM}, VYR{NNPDIM',
VZR (NNPDIM},DIAGINSPDIM),
RESV(NSPDIM;, VNCRMAL(NSFLIM), CPDUB(NSCPLIM;
COMMON/ SPANZL / XCINSPDIM;, YC(NSPDIM!, ZC{NSPDIM;,
+ PCS (32,3 ,NSPDIM), AREAR(NSPDIM), PFF(NSPDIM),
CPSX(NSCPDIM), CPSY(NSCPLDIM), CPSZ(NSCPDIM;,

+

PO

-
+ ICPS{NPDIM), KPTY?(NSPDIM),SMP(NSPDIM;,
- SMQ (NSPDIM)
cinm RLXFAC added 2/5/93
COMMON/ CONST / PI, EPS, FOURPI, CBAR,
- SSPAN, SREF, RMPY, FMPY, RMPZ,
- XIT, SOLRES, RLXFAC,
+ RCORS, KFF
COMMON/ PATCHES / IDENT(NPDIM), IPAN!NPDIM}, KLASS(NFDIM),
- KOMP (NPLIM), LFANINPDIM), NCOL{NPDIIM),
+ NPANS (NPDIM), NROW({NPDIM)

COMMON/ TSTEP / NTSTPS, ITSTEP

COMMON/ INTERNAL / NCIZCKRE,KRTIPAN, J2TUB,VEEZF

COMMON/ NUM / NPAN, NP2TTH,NWPAN, NWELKE, NCOMP, NASSEM
COMMON/ ONSET / ALPHA, ALDEG, YAW, YAWDES,
+ BETA,WIND(2,3;,PHIDCT, THEDOT, PSIDCT,
+ COMPCOP, SYM,GPR,VINF, VSOUND

COMMON/ WAKES / NWCOL(NWDIM:, NWROW(NWLIM), IWPAN(NWDIM!,
+ LWPAN |NWTIM1, IDENTW NWDIM:,
-+ FWPU(NWCOIM,NWOIM), KWPL{NWIDIM,NWDIM,,
- PAIU(NWCDIM, NWDINM,, FEIL(NWILDINM,NWDIM:,
+ IFLEXW {NWDIN)
COMMON/ PRINT / LSTINP, LETOUT, LETGEOC, LSTNAZ, LSTWAK,

+ LSTFRQ, LSTCPV ,LSTHLD, LSTJET
COMMON/ SCRFILES / JPLOT, JDUBIC,
+ JSORIC, IMU

COMMON/ UNSTDY / OMEGA(3,10), VFR{3,10), DTSTEP

ctnm VISCOUS added for iteration with viscous data 1/26/63
ctnm  dimensions increased to 30 3/26/%3

COMMON/ VISCOUS / IVISCS, IDENTVINPDIM),IVPRNT,NVISC,

+ NPVMAX(10),ALP2D(10,nvpts),CL2D(iC,nvpts),
+ CD2D(10,nvpts),cM20(.8, nvpts) ,ALPZRO(10}.
+ rhsinc(NSPDIM)

COMMON/ WPANEL / XCW (NWPDIM), YCW!NWPDIM), ZCW(NWPZIM!,

- PCSW . 2,2, NWPOIN., ZAW WWPLIM
- PFFW . NWEFDIM)Y,
+ CPWX (NWIPDIM,, CPWY(NWCFOIM), CPW2Z NWIPDIM),
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- ICPWINWDIM:

CIMENSION SWX (5. .SWY:5;,SwWZ (S} .ICPWSUE
cinm  var:ab.es wpt? added tc hold corner pcint infcrmaticn to ermine
c scaie factors for first wake co.umn ¢ sliminate Dody wake 4/:5/6C

Simeneion wptx S, ,wptyY(S), wptzii,

LOGICAL €YM,GPF,IPR,FAFR

o+

TRLL RES

C REWIND TAPES NEEDEL FOR THIS SUBROUTINE

c
REWIND SSORIC
FEWIND IMU
REWIND JSTURIC
c
C COMPUTE THE WAKE POTENTIZL INFLUENCE 27 THE SUFFACE TZONTRCL PCINTS
~
ICTR = 0
KPCTR =
IF{NPAN.GT.MATBUF) THEN
NBUF = MATBUF
ELSE
NBUF = NPAN
ENDIF
DO 10 Np=1,NPATCH
ID = IABS(IDENT(NP} )
DO 20 KP=IPAN(NP),LPAN(NP)
-
C READ IN THE SURFACE POTENTIAL INFLUENCZE COZFFICIENTS
c
IF(NCZONE.GT. 0! THEN
REARD(CSORICY (SORSIC(K;,K=1,NPAN!
ENDIF
ICTP = ICTR + 1
IF(ICTR.GT.NBUF.CR.ICTR.EQ.1) THEN
DO 25 I=1,NBUF
READ (JDUBIC) {DUBIC(K, I} ,K=1,NPAN}
28 CONTINUE
ICTR = 1
ENDIF
c
C IF THERE ARE NO WAKES, SET UP THE KIGHT HAND E£IDE VECTOR AND THE
C DIAGONAL VECTOR. MOIIFY THE INFLUENCE COEFF. MATRIX FOR INTERNEL
C FLOW MODELING IF REQUESTED IN INPUT DECK, THEN GO TO SCLVER
IF (NWAKE.LT.1)THEN
RHSV{KP) = -FHSV'KP)
DIAG(KP) = DUEIC,KP,ICTR)
IF(NCZONE.GT.0) THEN
CUBIC (NCIFAN,ICTR; = SORSITINTIPAN;
ENDIF
IF!ICTR.EQ.NBUF ) THEN
WRITE/IMJ; ( {(DUBICIK,KK),K=1,NPAN) ,FK=1,NBUF,
KPCTR = KPCTR + NBUF
ZF{ {NPAN-KPCTR; .GE.MATBUF THEN
NBUF = MATBUF
ELSE
NBUF = NFAN - KPCTR
ENDIF
ENDIF
GO TO 20
ENDIF
KWP = 0
RHSSUM = 0
c
C STEP THROUGH THE WAKES
o
DC 30 NW=1, NWAKE
IDW = IABS{IDENTW(NW))
[of
¢ COMPUTE THE INFLUENCE COEFFICIENTS OF ZACH WA¥E PANEL ON ALL THE
C SURFACE PANELS. SUM THESE INTC THE AFFKOPRIATE INFLUENCE COEFF.
C FOR THE SURFACE SEPARATION PANELS.
c

U0 40 NWC=1,NwCOL (Nw)
DO 50 NWR=1, NWROW (NW)
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KWP = KWP + 1

cinm the following added to scale the doublet effezt on tne first
< column of the wake. This allows the wakes ¢ e deleted from
< the body 4/.t/83

if{(nws.eq.i).and.inwr.gr.1}).and. (np.ne.nw; ithen

wDTX 1} = CPwX(kwp;
Ty il) = cpwy . kwp;
wrHTZ (1) = CpwIlikwp)
WREX (L) = CPWX KWE + OWrow{nw: <« I
WPIY (2) = CPWY!(KWD + NWIOW{nNw; =+ 3
T2i2) = CDWIKWD « nwrow.nw' - 1
wWptx:3) = CDWE(KWE + nwrowinwi «+ 2}
WpIY (3} = Cpwy MWD -~ SDwrow nw! o+ I
WPLZ(J) = CPWI!KWp + DWICW(DW) + 2
wWpLX (4} = CPpwX(kwp + 1)
WPTY i4) = CPwy(kwp =+ 1}
WPTZ(a) = CPWZI(KwWp +
wWEEX(5) = wpix/l;
wpty (5) = wpty!l;
wprz (5) = wptzl}
call length(wptx,wply,wpts,wscalie)
c encdif
else
wscale = 1.
endif

IsY = 1.0
IGP = 1.0
DUBICW = .0
ctnm dubicwi used to sum wake Joublet efferct o first column w/c body
< wakes present
dubicwl = 0.0
i0C CONTINUE
XCP = XC(KP)
YCP = YO(KP) * IgY
¢ ground effect
if{igp.eg.-1) then
Zcp=-2.*height-2cikp)
else
2CP =
end if
CALL DISTANCE (PFFW(RWP},6XCW(KWP) K YCW (FKWP} , ZCW(EKWP),
- XCF,YCP,2CF, FAR)
CNX = PCSW(1,3,KwP;
CNY = PCSW(2,3,KwWP)
CNZ = PISW({3,3,KwP;
IF(FAR; THEN
IF{IDENT(NP) .NE.3 ) THEN
CALL PTDUBPOT AREAW (KWP) , XCW (KWP) , YCW (RWP} , ZOW {KWP)

ZC (KP) * IGP

+ CNX,CNY,CNZ, XCF, YCF, 28P, CJK)
ELSE
PJKRX XCP - XIW{KWPi

PJKY = YCP - YCW(KWP;

PJRZ = ZCP - ZIW(KWP)

PN = POKRX * CNX + PJKY * CNY -~ FJKZ * CTR2
PCK = SQRT/PCFA**2 - FORKY**2 + FJRI"*2)

VIRX = AREAW FWP) * {Z*PN*FJKX-FJE*"Z*CNX) /FJR*v5S
VIK AREAW (KWP, * {Z*PN*FCKY~FJKT*2¥C2NY) /PJK**5

VJRZ = AREAW(FKWP, * {3*PN*PJKZ~-PIK**2*CNZ) /FJK**5
EJK = VJKX*PCS{1,2,KP; + VORY*PCS(Z,2,KP) +
+ VJKZ * PCS(3,3,KP}
CJK = EJK
ENCIF
ELSE
CALL SCHEME (NWROW (NW) , NWCOL (NW) , ZWPAN {NW) , KWP,
+ ICPW{NW),6 ICPWSUE)
DO €0 1=1,4
SWX (1)
SWY [ I)
SWZ(I)
60 CONTINVE
IF({IDENT{NP).NE.3) THEN
tnr  wscale added to pass scaling for doublet effect on first
wake cclumn 4/185/63
CALL IDUBPOT ‘wscale, SWX, SWY,SW2, XCW KWP!, YOW ¥WP)
- 2ZCW (KWPy , ORX, CNY, CRZ, XCF, Y2F, 2CP, COK, 25kl
ELSE

CPWX (ICPWSUB(I))
CPWY {ICPWSUE (1))
CPWZ (ICPWSUB (I},

a0
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=C.0
VJRKZ=0.0
DC 7C II=1,4
NS = II
AX=XCP - SWX(NS)
AY=YCP - SWY(NS;
AZ=2CP - SWZI{NS)
IFI{NS.EQ.4!NS =
BX=XCP - SWX(NS+1;
BY=YCP - SWY(NS+1;
B2=2CP - SWZ(NS-+1;
Z=SQRT{AN"REY + AY*RY + RAL*2D;
B=SQRT(BX*BX + BY*BY + BI*BZ)
AVBX = BZ*AY - BY*AZ
AVBY = AZ*BX - BZ*AX
AVBZ = AX*BY - BX*AY
LVES = AVBX*AVEX + AVEY*AVEY + AVEZ®AVEZ
IF(AVEBS.LE.RCORS.OR. (A*A, .LE.RCCRE.CR.
+ (B*B} .LE.RCORS)GO TC 70
ADB=2X*BX + AY*BY + AZ*BZ
SCALE=(A+B;) /(A*B* (A*B + ADB))
VIRY=VIKX+SCALE*AVBX
VIKY=VJKY+SCALE*AVBY
VIKZ=VJKZ+SCALE*AVEZ
70 CONTINUE
EJR = VJRX*PCS(1,3,KRP} + VJIRY*PCS{2,3,KP} +
+ VJRZ * PCS(3,3,KP)
CJK = EJK
ENDIF
ENDIF
DUBICW = DUBICW + CJK
ctom  dubucwl is a summing variable to sum the effect of the wake doublets
c for the first column 4/14/53
if{nwc.eq.l) dubicwl = dubicwl + cjkl
IF(SYM.AND.ISY.EQ.1)THEN

IsY = -1
GO TO 100
ENDIF
IF(GPR.AND.IGP.EQ.1)THEN
IGP = -1
IsYy = 1
GO TO 100
ENDIF

IF(NWR.NE.1.AND.ITSTEP.GT.1) THEN
RHSSUM = RHSSUM + DUBICW * WDUE (KWP)
ELSE
KU = KWPU{NWC, NW)
KL = FWPL (NWC, NW)
DUBIC (KU, ICTR) = DUBIC{KU,ICTR) + DUBIZW
< DUBIC KL, ICTR) = DUBIC:(KL,ICTR) - DUBIIW
RHESUM = RHSSUM + DUBICW®* !PRIU(NWC,NW)~PHIL(NWC, NW: !
ctnm added to account for wake changes 4/12/¢3
if((nwc.eg.1l;.and.inwr.gt.l}.and. (np.ne.nwj ;then
DUBIC (KU, ICTR; = DUBIC(KU,ICTR) + DUBICW1
DUBIC (KL, ICTR} = DUBIC(KL,I1CTR) - DUBICW1
else
DUBIC (RU,ICTR) = DUBIC(KRU,ICTR) + DUBICW
DUBIC (KL, ICTR) = DUBIT(KL,ICTR) - DUBICW

n

endif
ENDIF
50 CONTINUE
40 CONTINUE
30 CONTINVE
RHSVT = RHSV{KP) + RHSSUM
RHSV(KP) = -RHSVT

DIAG(RP) = DUBIC{KP,ICTR}
IF(NCZONE.GT.0) THEN
DUBIC (NCZPAN, ICTR) = SCRSIC{NCZFAN)
ENDIF
IF(ICTR.EQ.NBUF ) THEN
WRITE (IMU) ( (DUBIC (N,NN) ,N=1,NPAN) ,NN=1, NBUF}
KPCTR = KPCTP + NBUF
IF{ (NPAN-KPCTR) .GE.MATBUF, THEN
NBUF .: MATEUF
ELSE
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NBUF = NPAN - KPCTR
ENDIF
ENCIF
20 CONTINUE
10 CONTINUE
REWIND IMU
REWIND JSORIC
RETURN
601 formatilx,i3,5%,£8.3,2%,£6.3,ix, {83
END
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Appendix J.
Sample Input Dataset For T-tail Configuration

This dataset highlights the changes in input required
to run a viscous case with different viscous datasets for
the wing and tail. Additions to the input are in bold
type. Input dataset is called “dataS.” (Large type is not
part of the dataset!)
fwr. alpha=C,t,wake def=+1,1/2cosine

&EINP2 LSTINP=0, LETOUT=1, LSTFRC=1, LENRUN=(Q, &END
&EINPZ LSTGEC=0, LSTNAE=T, LETWAR=0, LETTPV=0, LSTJET=C, &END

rlxfac is a relaxation factor. range: O<rlxfac<2.
Suggested value, rlxfac<0.5. Assuming the tail is patch
$#2, the value of rlxfac will be doubled to speed
convergence for the tail

&BINP4 MAXIT=150C, SOLRES=0.000¢,rlxtacs=0.125 &END

&BINPS NTSTPS=0, DTSTEP=2.0, &END

&EINPS RSYM=0.0, RGPR=0.G, RFF=5.0, RCORE=C. 05, SEND

iviscs sets whether viscous calculations are performed
default: inviscid case, iviscs=0

if viscous case, iviscs=1 (2-d data required
for dataset “drag.”)

Maximum of 10 viscous datasets is currently set.
&BINP? VINF=1.0, VSOUND=1116.C, UNIT=0, COMPOP=0.C,iviscs=l &END
&BINPE ALDEG=2.0, YAWDEG=(0.0, THEDCT=0.0, P§SIDOT=0.0, PHIDOT=0.C, &END
&BINPY CBAR=.24€06, SREF=.48436, SSPAN=.%8&424,

RMPX=.86121, RMPY=0.00, RMPZ=C.0G, &END
&BINP1O NORSET=0, NBCHGE=0, NCZONE=0,

NCZPAN=O, CZDUB=0.C, VREF=00.0, &LEND
&ASEM1 ASEMY=0.00, ASEMY=0.00, ASEMZ=0.0C,

ASCAL=1.00, ATHET=0.00, NOCEA=S, &END
&CCMPL COMPX= C.00C0, COMPY= 0.0000, COMPZ= 0.0000,

CSCAL= 1.0200, CTHET= 6.0, NCDEC= %, &END

ivptch tells PMARC which viscous dataset (read in through
“drag.”) 1is to be applied to this patch. In “drag.”, the
angle of attack range is assumed to increase from a minimum
to a maximum (and then start again for multiple datasets).
A maximum of 30 angles of attack per dataset. Order of
input across a row: o, cl, cd, cm. The moment reference 1is
assumed to be the quarterchord. If the reference is
different the value of xmref must be changed in AERODAT.f.
(This could all be changed to include the moment reference
as part of the input in “drag.” .) Here the main wing uses
data from the first viscous data set.

&PATCHl IREVz= O0,IDPAT= 1,MAKE= 0,KCOMP= 1, KASS= 1,ivptchsl, &END

Tain WING
&SECT1 STX= 0.73818,8TY= 0.09022, STZ= 0.0000, SCALE= (.2460€,

ALF= 0.0, THETA= 0.0,

INMODE= S, TNODS= 0O, TNPS= O TINTE= Q, &END
&SECT2 RTC= 0.1200, RMC= 0.0400, FPC= 0.4000,

IPLANE= 2, TNFC= 1f, TINTC: O, LENT
&SECT] STX= 0.728.8, £TY= 0.986424,370= 0.0000, SCALE= 0.24%576,

ALF= 0.0, THETA= ¢.C,
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INMCDE= O,

The horizontal

TNGDS=

TNPE= 2

c.

tail uses data

&ENI

f{rom the second viscous

dataset.

&FATCHI IKEV= O, IDPAT= 1, MAKE= ¢, KCOMP= 1, KASS= 1,ivptcha2, &ENT
herizeontal taill

LSECTL STX=1.8912, 8TY= 0.0000C, STC= C.416€70, STALZ= (.16404,

RiF= 0.0, THETA= c.cC,

INMODE= S, TNODS= 0, TNPS= €, TINTS= G, &END
LSECTL RTC= ¢.220C, RMC= 0.000C, RPZ= €.00GC,

IPLANE= 2, TNPC=1C, TINTC= 0, &ENT
4SECTL STX= 1.5812, ZTY=C.36086, STI= 0 .41€€7, SIRILT= .L#404,

ALF= 0.0, THETZ= c.c,

INMODE= O, TNODS= 3, TNPS= 17, TINTE= 2, &ENL
4&PATZHL IREV= O, IDPAT= 2, MARE= C. KCOMP= 1, FAgs= 1, «END
NOSE
&SECTI ST¥= 0.0000, STY= 0.0000, STZ= (.0060, SCALE= (.000C,

ALF= 0.0, THETA= 0.0,

INMODE= 1, TNODS= O, T™NPS= O, TINTS= O, &END

0.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
C.3420 -0.5395 0.0000C
0.5000 -C.8660 0.0000C
0.6425 -0.7660 0.0000
¢.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
£.9395 -0.3420 0.0000
C.9845 -0.1735 0.0000
1.0000 0.0000 ©.0000
0.9845 0.1725 0.0000
0.5829¢% 0.3420 0.0600
0.86€C €.5000 0.0000
0.7660 0.6425 €.0000
€.642 0.7660 ¢.0000
c.500C ¢.8660 0.0000
0.3420 €.9395 0.0000
0.1735 0.9845 €.0000
0.0000 1.0000 G.0000
&BPNODE  7TNCDE= 3, TNPC= 8, TINTC= 3 &IND
LSECTI STX=0.00045 , STY¥= 0.0000, STz= €.000C, SCALE= .0(542,

ALF= 0.0, THETA= 0.0,

INMODE= 0, TNCDS= 0, TNPE= 0, TINTE= C, &END
&SECTI STX=0.00164 , STY= €.000C, STi= ¢.C000, SCRLE= .0098€%,

ALF= 0.0, THETA= ¢.0,

INMODE= O, TNODS= 0, TNPS= O, TINT3= O, &END
§EECT STX=0.00328 , STY= 0.0000, STZ= ¢.000C, SCALE= .01296,

ALF= 0.0, THETA= 6.0,

INMODE= 0, TNGDS= 0, TNPS= O, TINTE= O, &END
&SECTL STX=0.00984 , STY= C.00CC, STI= (.0000, SCALE= .C2404,

ALF= 0.0, THETA= c.C,

INMODE= G, TNOD3= 0, TNPE= O, TINTS= ©, &ENT
LSECTI STH=0.02625 , STY= 0.0006, STC= 0.0000, SIALE= (L3865,

ALF= 0.0, THETA= .0,

INMODE= C€, TNODS= 0, T™~PS= O, TINTZ= ¢, &END
&SETT] STX=0.04265 , STY= 0.0060, 8TI= £.006C, STALE= .048646,

ALF= 0.0, THETA= 0.0,

INMODE= 0O, ‘TNODS= O, TNPS= C, TINTE= 0, &END
&SECT1 S8TX=0.07546 , STY= 0.0000, STZ= 0.0000, SCALZ= .0€234,

ALF= 0.0, THETA= 0.0,

INMODE= 0, TNODS= C, TNPS= 0, TINTS= 0, &END
&SECTL STX=0.10£27 , STY= 0.000C, STZ= 0.0000, SCALE= .C07201,

ALF= 0.0, THETA= 0.0,

INMODEs O, TNODS= 0, TNPS= 0, TINTS= 0, &END
&SECTI STX=0.17368 , STY= 0.0000, STi= ¢.0000, SCALE= .084l2,

ALF= 0.0, THETA= 0.2,

INMODE= 0, TNODS= O, TNPS= 0, TINTS= 0, &END
&SECT1 STX=0.27231 , STY= €.0000, STZ= ¢.000C, SCALE= .0%02z2,

ALF= 0.0, THETA= 0.0,

INMODE= O, TNODS= 2, TNPS= 5, TINTS= 0, &END
&SECT1 STX=0.73818, STYa 0.0000, STZ= 0.5000, SCALE= .0%022,

ALF= 0.0, THETA= c.o0,

INMODE= O, TNCDS= 3, TNPS= 3, TINTE= 3, &zZND
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IREV= 0,
under wing
STN=0.7381¢,

ALF= 0.¢

'

z, MAHE-= { KCOMF =

INMODE= 1. TINTS= (, &=ND
¢.000C -..000¢
6.2735 -0.9845
€.342¢ -0.%3%5
¢.:000 -C.86€C
.éal8 -C.7660
C.766C -C.6425 c
C.6€6C -2.5000 c.¢
€.6295% -0.3420 6.000C
G.%9645 -{.1735 ¢.0000
1.0000 ¢.0000 € .0000
&BPNCDE  TNCDE= 3, T™NFC= 4§, TINTC= 3, &END
&SECTI STX=(.739%, ST¥= 0.00GC, 8TZ= C.C000, STALE=s .0%022,
ALF= €.0, THETA= ¢.C,
INMODE= i, TNODS= O, THhPS= C, TINTE= C, &END
¢.0000 -1.0000 €.0000
¢.1735 -0.9845 0.0000
€.53:20 -0.9385 ¢.0000
€.500¢C -0.8660 0.0000
C.6425 -C.7660 0.0000
C.7660 -0.6425 €.0000
0.8660 -C.5000 €.0000
0.9385 -0.3420 0.6000
C.58845 -0.1728 0.0000
1.0000 -0.0233 €.0060
&BPNODE TNODE= 3, TNPC= 4, TINTC= 3, &ENT
&SECTI STX=0.7470, STY¥= €.0000, STZ= ¢.000C, SCALE= .090Z2,
ALF= 0.0, THETA= c.C,
INMODE= 1, TNODS= O, TNPS= C, TINTS= 0, &END
0.0000 -2.0000 0.0000
6.3725 -0.9845 €.G000
0.3420 -0.53685 €.0000
¢.3000 -0.8660 ¢.0000
0.6425 -0.7660 0.000C
.7660 ~0.6425 ¢.0000
¢.8660 -0.50C0 ¢.0000
0.5385 -0.3420 0.0C620
0.5645 -6.27:5% ¢.0000C
1.0000 -C.06CS C.0000
&BPNODE TNODE= 3, TNPC=e 4, TINTZ= 3, &END
&SECTL 8TX=0.7599, STY= €.005C, ST2= 0.000C, SCALE= .08Cz2,
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNIDS= C, TNPS=z 0O, TINTE= 0, &END
¢.c000 -1.0000 ©.0000
G.2725 -0.9845 ¢.000C
G.3420 -0.9395 €.0000
€.5G00 -0.8660 0.0000
G.€42% -0.7660 0.6060
C.7660 -0.6425 ¢.0000
0.8660 -0.5000 (.0000
0.639% -£.3420 C.0000
0.9845 -0.3725 C¢.0000
1.0000 -€.C776 €.0000
&BPNOCE TNCDE= 3, TNPC= 4, TINTC= 3, &END
&SECTI STX=0.7773, 8T¥= 0.00C5, 87TZ= 0.0000, SCALE= .090ZzZ,
ALF= 0.0, THETA= .0,
INMCDE= 1, TNODRS= O, TNPS= 0, TINTS= 0, &END
0.0000 -1.0000 ¢.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.000C
0.6425 -0.7660 €.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9395 -0.2420 0.0000
0.9845 -0.1738 0.06000
1.0000 -0.6776 0.0000
&5PNODE  TNODE= 3, TNPC= 4, TINTC= 3, &END
&SECT1 ST¥=0.7983, STY= 0.0000, STZ= 0.0000, SCALE= .09322,
ALF= 0.6, THETA= .2,
INMCUE= 1, TWOLS= O, ™rs= 0, TINTS= 2, &END
0.0000 -1.0000 0.0000

145

3o}

V)

(=




{.273%8 ~{.6845 {.6008
.342¢C -(.6308 ¢.ooc?e
C.5000 ~(.866C L0008
C.€425 ~{.7660 ¢.000¢C
C.766C ~C.642°% ¢.0000
C.8660C ~-{.5000 €.000C
{.62058 ~0.3420 ¢.0000
C.984% -C.172%8 G.00c0
1.500C ~C.06€7 C.C¢o000
LEPNIDE TN 3 NPC Ti= I, &END
&SECTL : $.0000, SCALE= .090ZC,
<. TINTS= C, &END
£.0000 .
0.173% -0.9845 0.0000
(.3420 -(.6285 €.060¢C
¢.500¢C -C.8660 €.0000
C.64CCF -0.7660 0.0000
C.7660C -0.6425 0.0000
0.8660 -.5000 0.0000
0.9385 -0.3420 ¢.000¢C
G.9845 -C.17:5 €.0000
1.0000 -0.C5¢€5 0.0000
&BPNODE TNODE= 3, TNPC= 4, TINTC= 3, &END
&SECTL ST¥=0.8473, ST¥= ¢.000C, 8TC= €.0000, SCcrLE= .08022,
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= O, TNPS= C, TINTS= 0, &END
0.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
C.3420 ~0.9395 0.0000
€.5000 -C.86¢€0 0.0000
C.642% -0.7660 0.0000
€.7660C -0.€425 0.0000
0.8€60 -0.5000 0.0000
C.429% -0.3420 C¢.0000
C.9845 -0.1735 €.0000
1.0000 -0.0443 6.0000
&BPNODE TNODE= 3, TNPC= 4, TINTS= 3, &END
&SECTL STX=0.8732, ST¥= 0.0000, STC= C.G00G, SCALE= .06022,
RLF= 0.0, THETA= 6.0,
INMODE= 1, TNODS= O, TNPE= C, TINTE= O, &END
0.0000 -2.0000 0.0000
0.173% ~0.9845 G.0000
C.3420 -0.9395 G.0000
0.5000 -0.8660 0.0000
G.6425 -G.7660 0.0000
C.7660 -C.6425 0.0000
0.8660 -0.5000 0.0000
c.e205 -0.3420 0.0000
0.9845 -€.1735 0.0000
1.0000C -0.0322 0.0000
&BFNCDE TNODE= 3, TNPC= 4, TINTI= I, &END
&SECTI STX=0.8986, STY= €.000C, €TC= C.0000, sCALT= .C9022,
KLF= 0.0, THETA= c.c,
INMODE= 1, TNCDS= C, TNPE= (, TINTS= 0, &END
€.0000 -2.0000 0.0000
€.273% -0.9845 G.0000
€.3420 -0.93¢5 0.0000
¢.5000 -0.8660C 0.000C
C.6425 -0.7660 Cc.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9385 -0.3420 G.0000
0.9845 -0.1735 0.0000
1.0000 -0.0221 0.0000
&BPNODE TNODE= 3, TNPC= 4, TINTC= 3, &END
&SECT1 STX=0.9222, STY= 0.5000, s§7Z= €.C000, SCALE= .0802Z,
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= 0, TNPS= O, TINTS= 0, &END
0.0000 -1.0000 0.0000
€¢.1735 -0.9845 0.0000
0.3420 -0.8395 0.0000
0.5000 -0.8660 0.0000
T.E405 -5.7660 €.0030
G.7€60 -0.6425 ¢.0000
0.8€60 -6.5000 C¢.0000
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€.s398 -C.3420 C.330¢C
C.984% -0.1725 €.C00¢C
2.0500 -C.C144 C.000¢C
&BPNODE TNODE= 3, TNFC= 4, TINTZ= I, &ENT
&SECTI STX=0.%432, STY= ¢.Cold. 8TC- C.C0000, SCTALE= .090ZZ,
AlF= 0.0, THETA= .3,
INMODE= 1, TNODE= O, TNPE=  C, TINTE= G, &END
C. -..0000 C.0000
. -(.9845 ¢.ococC
.3 -(.9365 ¢.0000
C. -C.8660C ¢.00G¢e
C. -C.76€C .C0ST
G. -C.6425 C¢.00Co
c. -0.5000 ¢.0060
C. -0.3420 ¢.000¢C
C. -0.1735 ¢.0000
1. -0.0088 G.0000
&BRPNODE TNODE= 3, TNPC= 4, TINTC= 3, &END
&SECT STX=0.9606, STY= 0.0002, 8TZ= C.CU0C, SCALE= .09Cze,
ALF= 0.0, THETA= 0.C,
INMCDE= 1, TNODS= 0O, TNPS= 0, TINTS= 0, &END
€¢.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.6395 C.0000
0.5000 -0.8660 ¢.0000
0.6425 -0.7660 ¢.0000
0.7660 -0.6425 C.0000
0.8660 -0.5000 €.0000
0.9395 -0.3420 0.0000
0.9845 -0.1735 0.000C
1.0000 -0.0055 ¢.0000
&BPNODE TNODE= 3, TNPC= 4, TINTC= 3, &END
&SECT1 8TX=0.9735, STY¥= 0.00CC, STZ= ¢.0600, SCALE= .09022Z,
ALF= 0.0, THETA= 6.6,
INMODE= 1, TNODS= O, TNPS= C, TINTS= 0, &END
0.0000 ~1.0000 ¢.0000
0.1735 -0.9845 ¢.0060
0.3420 -0.9395 0.0000
0.5000 -0.8660 c.0000
0.6425 -0.766C ¢.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 €¢.0000
0.9395 -0.3420 0.0000
0.9845 -0.1735 0.0000
1.0000 -0.0044 €.0000
&BPNODE TNODE= 3, TNPC= 4, TINTC= 2, &END
&SECTL STX=0.9814, STY= 0.0000, &TZ= C¢.0006, SCALE= .09022,
ALF= 0.C, THETA= ¢.C,
INMODE= 1, TR3ID25= 0, ™ps= €, TINTS= C, &END
€.0000 -1.0000 ¢.0000
€.1735 -0.9845 €.0000
0.3420 -0.9395 €.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 €.0000
0.766C -0.6425 G.0000
C.8660 -0.5000 C.0000
C.s20¢ -0.3420 ¢.000¢C
0.9845 -0.1735 ¢.0000
1.0000 -0.0044 ¢.0000
&BPNODE TNCDE= 3, TNPC= 4, TINTC= 3, &END
&SECTI STX=0.9842, STY= 0.6000, STZ= ¢.000C, SCTALE= .09022,
ALF= 0.0, THETA= c.C,
INMODE= 1, TNQODS= 3, TNPS=  1E, TINTS= 0, &END
0.0000 ~1.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 ¢.0000
0.6425 -0.7660 0.0000
0.7€60 -0.6425 0.0000
0.8660 -0.5000 €.0000
0.9395% -0.3420 0.0000
0.9845 -0.1738 0.0000
1.0000 €.0000 ¢.0000
&BPNCIE TNCDE= 3, T™PC= 4§, TINTC= 3, &END
&PATCH1 IREV= O, IDPAT= 2, MAKE= G, KCOMP= 1, KASS= 1, &END
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fuselage over wing

LSECTL eTX=0.73862, STY= €.000C, 872= J.0000, SThLE= L0SIICL,
F= 0.0, THETA= .o,
INMOZE= 1, TNODS= O, TNPE= €. TINTE= 0, &END
1.0000 ¢.0000 G.00G0
(.9845 0.1735 €.600C
0.9295% 0.3420 0.0000
0.8660 G.5000 C¢.000C
(.7660 C.6425 €.C000
0.6425 C.7660 0.000C
C¢.5000 C.8660 0.000C
C.242C €.e288 €.000¢C
€.1738% G.984¢ €.0000
¢.0000 1.0000 ¢.0000
&BPNODE TNCDE= 3, TNPC= 4, TINTI= 3, &END
&SECTL ST%=0.7383, STY= 6.0000, €TC= $.000C, SCALE= 0SCLZ,
ALF= 0.0, THETA= C.G,
INMODE= I, TNODS= G, TNPS= O, TINTE= C, &END
1.0000 ¢.0310 0.000¢C
0.9845 0.1725 0.0000
0.9395 G.3420 0.0000
0.8660 0.5000 0.0000
0.7660 C.6425 0.0000
C.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.2420 6.5395 0.0000
€¢.1735 C.9845 0.0000
0.0000 1.0000 0.0000
&BPNODE TNCDE= 3, TNPC= 4, TINTC= 3, &END
&SECT STX=0.7444, STY= 0.00C0, STC= 3.0000, SCTALE= .0S022,

ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= 0, TNPS= O, TINTS= 0, &END

1.0000 0.0820 €.0000

0.9845 0.1735 ©.0000

0.5395 0.3420 €.0000

0.8660 0.5000 0.0000

0.7660 0.6425 ¢.0000

C.6425 0.7660 0.0000

0.5000 0.8660 0.0000

0.342¢ 0.9395 0.0000

0.1735 0.9845 0.0000

0.0000 1.00060 0.0000
&BPNODE TNGODE= 3, TNPC= 4, TINTC= 3, &END
&SECTL sTY%=0.7565, STY= 0.0000, sTZ= €.0000, STALE= .09022Z,

ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= O, TNPS= O, TINTE= G, &END

1.0000 0.1563 0.0000
0.9845 0.1735 0.0000
0.63595 €.3420 0.0000
0.8660 G.5000 ¢.0000C
0.7660 C.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
€.3420 0.8395 €.0200
0.1735 0.984% €.0000
0.0000 1.0000 0.0000
&BPNODE TNCDE= 3, TNPC= 4, TINTC= 3, &END
&SECTL STX=0.7736, ST¥= 0.0000, sTZ= .0000, SCALE= .09022,
ALF= 0.0, THETA= 0.0,
INMODE« 1, TNODS= 0, TNPS= O, TINTS= 0, &END
1.0000 0.21318 €C.0000
€.9845 0.21.8 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
6.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.8845 0.0000
0.0000 1.0000 0.0000

&BPNODE TNODEa 3, TNPC= 4, TINTC= 32, &END
&SECT] STX=0.7949, STY= 0.0000, sTZ= 6.0000, SCALE= .09022,
ALF= 0.0, THETA= 0.0,
iNMODE= 1, INCDSs= O, TheS= 0, TINTS= 0, &END
1.C000 0.25C6 0.C000
0.9845 0.2506 0.0000
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C.e36¢ L3488 C.C00¢C
C.866C ¢.802C ¢.0000C
{.7660 C.04l5 {.0060
C.6425 {.76¢0 ¢.0060
€.5000 C.8660 0.0000
C¢.3420 €.5395 0.000C
0.173% C¢.6845 €.0000
€.0000 Z.o000 £.0008
&BPNO2E  TNC 2, TRPC= 4, TINTSs I &END
&SETTL 163, STY= 0.305C, €TZ= C.03CC, 32hLE= .09012,
.0, THETA= 0.C,
i, TNODS= C, TNPS= TIRTS= O, &ENT
1.0000 €54 0000
0.984 €94 ¢.o00C
£.c2058 420 €.0000
C.866C .5000 ¢.0000
C.7660C C.6425 0.0000
C.642 C.7660 €¢.0000
G.5000 C.8660 €.0000
0.3420 0.5385 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000
&BPNODE TNODE= 3, TNPC= 4, TINTC= 3, &END
&SECTI STX=C.£454, STY= 0.0000, STZ= 0.0000, SCALE= .09Cz2,
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= C, TNPE= 0, TINTS= 0, &END
1.0000 C.2627 ¢.0000
0.96845 C.2627 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 C.6425 0.0000
0.6425 C.7660 0.0000
€.5000 C.8660 0.0000
C.3420 0.9395 ©.0000
0.1735% €.9845 0.0000
©.0000 1.0000 0.0000
&BPNODE TNODZ= 3, TINPC= 4, TINTC= 3, &END
&SECT1 8TX=0.6720, STY= 0.0000, S§TZ= 6.C000, SCALE= .0%C22,
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= O, TNPS= C, TINTS= 0, &END
1.0000 €.2385 ¢.0000
C¢.9645 £.2395 0.0000
£.8395% €.3420 ¢.0000
0.8660 0.5000 ¢.0000
0.7660 C.6425 ©¢.0000
0.6425 C.7660 0.0000
C¢.5000 C.8660 0.0000
0.3420 0.6395 0.0000
.173% £.9845 ¢.0008
0.0000 2.0000 0.0000

7
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&BPNODE TNGIE= 3, TNPC= 4, TI . &END

&SECT 8TX=(.8980, STY= ¢.0000, STI= 0.0000, SCALE= .09022,
ALF= 0.0, THETA= 0.
INMODE= 1, TNODS= O, TNPE= G, TINTS= 0, &END

1.0000 0.2039 ¢.0000
C.9845 G.2029 ¢.0000
0.5295 G.3420 ¢.0000
0.8660 0.5000 0.0000
0.7660 0.6425 €.0000
0.6425 C.7660 0.0000
0.5000 C.8660 G.0000
0.3420 €.9395 0.0000
0.1735 0.9845 0.0000
0.0000 2.0000 0.0000
&BPNODE TNODE= 3, TNPC= 4, TINTC= 3, &END
&SECT1 ST%=0.5221, STY= 0.6000, §7TZ= ¢.0000, SCALE= .083022,
ALF= 0.0, THETA= 0.6,
INMODE= i, TNODS= O, TNPS=z O, TINTS= 0, &END
1.0000 0.1608 0.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8€60 ¢.5000 0.6000
0.7660 C.6425 0.0000
G.6425 .76€0 G.0000
0.50C0 C.6660 0.0000
0.3420 0.5395 0.0000
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€.173¢ C.9845 0.0000
€.300C 1.0000 ¢.0000
4BPNCDE TNDDEs 3, TNPC= &, TINTC=
&SECTL STX=0.9423, 8TY= 0.0000, 8TI=
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= 0, TNP&=
1.000C ¢.2142 €.0000
0.984% 0.1725 0.000¢C
€.6268 €.3420 ¢.0000
C¢.8660 ¢.5000 €.0000
C.7660 C.6425 0.0000
C.€425 C.7€€60 G.000C
0.5000 0.5660 €.0000
0.3420 0.5395 0.0000
¢.1735 0.9845 0.000C
¢.0000 1.0000 €.0000
&BPNODE TNCDE= 3, TNPC= 4, TINT=
&SECT1 STX=0.96C7, STY= 0.000C, §TI=
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNGDS= C, TNPS=
1.0000 0.0709% 0.0000
0.9845 0.1735 0.0000
£.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 €.0000
0.3420 €.9385 ¢.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000
&BPNODE TNODE= 3, TNPC= 4, TINTZ=
&SECT1 STX=0.9737, STY¥= 0.0000, STZ=
ALF= 0.0, THETA= 0.C,
INMODE= 1, TNODS= 0, TNPS=
1.0000 0.038% 0.0000
0.59845 L1735 0.0000
0.9285 0.3420 0.0000C
06.8660 €.5000 0.0000
C.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 ¢.0000
0.3420 0.63¢S 0.0300
0.1735 0.9845 6.0000
0.0000 1.0000 0.0000
&BPNODE TNCDE= 3, TNPC= 4, TINTC=
&SECT1 $TX=0.98i5, STY= 0.0000, 8TZ=
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= 0, TNPE=
31.0000 0.0122 C.0000
C.9845 G.1735 €.0030
0.9395 0.3420 0.0000
0.8660 0.5000 G.0000
0.7660 0.6425 0.0000
G.6425 0.7660 €.0000
0.5000 0.8660 0.0000
0.3420 0.9395 c.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000
&BPNODE TNODE= 3, TNPC= 4, TINTC=
&SECT1 STX=0.9842, STY= 0.0000, STZ=
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= 3, TNPS=
1.0000 0.0000 0.0000
0.9845 0.1735 0.0000
0.5395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.000¢
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000
&BPNODE TNGDE= 3, TNPC= 4, TINTC=
&FPATCH1 IFEV= O, ILFAT= 2, MAKE =
center fuselage
&SECT1 STX= 0.9842, STY= 0.0000, STZ=

. &END
{.5000, 8§CAalE= .0G0ZZ,
G, TINTS= 0, &END
3, &END
£.000C, 3CTALE= .08CLZ,
o, TINTS= {, &END
3, &END
€.C00C, SCALE= .0%022,
0, TINTS= 0, &END
z, &END
£.0000, SCALE= .09022Z,
c, TINTE= 0, &END
3, &END
¢.0000, SCALE= .09%0:2z,
18, TINTS= C, &END
3, &END
<, KIOME= 1, KASS= 1, &END
€.0003, SCALE= 0.09%022,
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ALF= 0.0, THETA=
INMODE= 1, TNODS=
¢.ocot -2.0000 0.0000
0.x73% -0.9645 €.0000
€.3420C ~-£.93¢5 ¢.0000
0.5000 -C.8660 C.0000C
C.6428 -C.7660 €¢.0000
C.7¢6C -0.6425 ¢.000C
C.866C -¢.50¢0 ¢.0000
C.%398 -0.3420 €.0000
C.9845 -0.1735 0.0000
1.0020 c.ooce ¢.0000
C.96845 ¢.2735 €.06000
€.6265 C.3420 €.0000
(.566C C.5000 0.0000
0.766C C.6425 €.0000
C.6425 €.7660 ¢.0000
¢.5000 0.8660 C.000C
0.342 €.395 0.0000
0.2735 C.9845 0.0000
0.0000 2.0000 0.0000
&BPNODE TNODE= 3, TNPC=
&SECT1 8TX= 1.£912, STY=
ALF= 0.0, THETA=
INMODE= 0, TNODS=
&PATCH1 IREV= O, IDPAT=
fuselage under ttail
&SECTL S§TX=1.5912, 8TY=
ALF= 0.0, THETA=
INMODE= 1, TNODS=
¢.0000 -1.0000 ¢.0000
G.1735 -C.5845 0.0000
0.3420 -0.63¢5 6.000GC
0.5000 -C.8660 €.0000
0.6425 -0.7660 0.000¢C
0.7€660 ~0.6425 c.0000
0.866C -0.5000 0.0000
0.5395 -0.3420 0.0000
C.9845 -0.1735 0.0000
1.0000 0.0000 0.0000
0.9845 0.27:5 ¢.0000
0.5395 0.3420 ¢.000C
0.8660 0.5000 0.0000
0.7660 0.6425 €.0000
0.6425 0.766C 0.0000
€.5000 C.8660 0.0000
0.3420 0.5395 0.0000
C.1735 C.9845 0.GG00
€.0000 1.0000 0.0000
&BPNODE TNOLDE= 3, TNPC=
&SECT1 STX=1.7552, STY =
ALF= 0.0, THETA=
INMODE= 0, TNCDS=
&PATCH1 IREV= O, IDFAT=
aft fus=slage
&SECTI STX«1.7552, STY =
ALF= C.0, THETA=
INMODE= 1, TNODS=
0.0000 -1.0000 0.0000
0.173% -0.9845 0.0000
0.3420 -0.9395 0.0000
¢.5000 ~0.8660 0.0000
0.6425 -0.7660 0.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.938% -0.3429 0.0000
0.9845 -0.17:8 0.00600
1.0000 0.0000 0.0000
0.9845 0.1735 0.0000
0.9295 0.2420 0.0000
0.8660 0.5000 0.0000
C.7660C G.€425 C.0000
0.€425% 0.76€0 €¢.0000
0.5000 0.8660 0.0000

¢, TNPE= (., TINTS= G, &END

8, TIRTC= 3, &END

0.0000, £TZ2= 0.0000, SCALE= 0.09022,

3,0‘0'TNPS= 5, TINTS= 3, &END

2, MAKE= c, RCOMP= 1, FAsS= 1, &END
0.000C, STZ= 0.000C, SCALE= .09022,

O,O'OITNPS= S, TINTS= 0, &END

g, TINTC= 2, &END

0.0000, 8TZ= (.000C, SCALE= (.08022,

B,O.O,TNPS= ic, TINTE= O, &END

2, MAXE= C, KCOMF= 2, KASS= 1, &END
0.0000, s8TZ= C(.0000, SCALE= (.0SC22,

O,O-G'TNPS= 0, TINTES= O, &END
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NOTE:
Input

20 C
28 C.9845
0C :

;. 8395

Wakes only need separate from lifting surfaces.
direction is assumed from root to tip

&WEKEL IDWAK=1,
WING wake
&WAKED WPACE=1,
KWPAN2=0,
&SECTL STX= 50¢.0,
ALF= 0.0,
INMODE=-1,
&WARE]L IDWAKR=1,
htail wake
&WARE2 KWPACH=2,
KWPANZ=0,
&SECT1 STX= 50.0,
ALF= 0.0,
INMODE=-1,
&VS1 NVOLR= 0,
&SLIN1 NSTLIN=0,

¢.0000

0.0000

¢.0000
™PC= 8,
STY= 0.000C,
THETA= c.¢,
TNQDS= £,

IFLXW=0,

KWSIDE=2,

NODEW=3,
£T¥= 0.0000,
THETA= 0.0,
TNODS= 3,

IFLXW=0,

KWSIDE=2,
NODEW=5,

STY= 0.0000, S$TZ= 0.

THETA= 0.0,
TNODS= 3,

NVOLC= 0O,

TINT

~
STZ=

TNPS=

TNPS=

KWLINE=C,
INITIAL=L,

7418, SCALE=

2C, TINTE=
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{.003C, STRLE=

3. TINTE= 3,

1,

&END

c.o9¢czz,

&END

KWPAN1=0,

1.0000,

&END

&END

&END

&END

&END

&END

&END




Appendix K.
Sample Output From Data4.

This output dataset shows the typical output from
data4. for a viscous calculation. This one is specifically
the output for the example input dataset of Rppendix J.

“alpha zero” gives the calculated @, for each dataset read
in through “drag.”

alpha zero = -4,000000000
alpha zero = C.0000000000E+00

This line shows the number of wake iteration step,
o, TCLS, TCDS, TCMS.
1.0000 2.0000 .5068 L0182 .0164

alpha = 0.3 90€58104E-01 aldeg = 2.000000000
RLXFAC = 0.1250000000

K is the column number across the lifting surface.

k alphae Cl1(3~d) cl {2-d) £ delta a
1 .8277% .53973 .43614 .80807 . 04800
2 1.04003 .55199 .44549 .80707 .04825
3 1.06807 .55516 .44808 .80712 .04823
4 1.05264 .55337 .44654 .B0696 .04827
5 1.00862 .5485%6 .44288 .80735 .04818
6 .94277 .54136 .43739 .80794 .048C3
7 .B85431 .53170 .43002 .B0876 . 04782
B . 743659 .51961 .4208B0 .80983 .04756
9 .60842 .50483 .409t2 .Bl122 .04721
i0 .44503 .4B656 .39591 .81301 .04676
11 .24939 .46557 .37960 .B81535 .04618
i2 .01749 .44021 .36028 .81843 .04541
13 -,25853 .41034 34179 .B3294 .04178
14 -.5729%7 .37559 .32062 .85365 .03660
15 ~.93784 .33564 .29630 .88278 .£2931
1 -1.34664 .29087 . 26905 .92498 .01876
17 -1.7€5%77 L.24276 .23977 .98771 .003C7
18 -2,22526 .18459 .202i8 1.03%00 -.00975
19 -2.65660 .14731 .24017 .95156 .012:1
20 -3.14048 .09425 .87520 .79190 .L5C%4
k alphae Cl(3-a) el {2-d) f delta 3
1 .73772 .08090 .07575 . 93634 .C3184
2 .712€9 .07815 .073:8 . 93634 .03184
3 .66707 .07315 .06849 .93633 .03184
4 .60648 .06€51 .06227 . 83633 .03185
S .53614 .05879 .05505 .93€33 .03185
6 .45948 .C5039 .04718 .93€32 .03185
7 .37516 .04114 .03852 .93632 .C3185
8 .26362 .C2891 .02707 .93632 .03185
9 -.01299 -.00142 -.00104 .72951 .13528
10 -,36693 ~.04024 -.02935 .72952 .13528
1.0000 2.0000 .5010 .0150 .0i69
itel = 1 §$ cldiff = 1.15663716569542885
4 alphae Cl (3-d) cl {2-d) £ delta a
1 .93623 .53540 .43684 .81591 .08803
2 1.04704 .54748 .44608 .81478 . 08854
3 1.07528 .550%7 L4487 .81498 .08847
4 1.05867 .54875 .44705 ) .81466 .08859
5 1.01465 .54385 .44338 .81510 .08839
6 . 94921 .53682 .43792 .81578 .08810
? .86139 .52725 .43061 .B1671 .C87¢68
8 75187 .51527 .42145 .B1792 L8714
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9 .61742 .50065 .41C27 .81949 .08645
10 45546 .68299 .39678 .8215C .0BESS
n .26150 .46184 .380%61 .B2411 .08439
1 03173 .43680 36246 82783 .0B8286
13 ~.24142 .40731 .34273 .84144 .C7621
14 -.56C26 .37298 .32147 .86191 .C6€56
15 -.92814 .33350 .29695 .89041 .05306
16 -1.34348 .28916 .26926 . 93118 .03363
17 -1.7%456 .24146 .23919 . 99060 .0C504
18 ~2.24403 .156360 .19948 1.03037 -.01613
19 -2.€5138 .146%5 .14092 .96159 .02021
20 -3.09453 .08375 .079823 .84507 .08297

k alphae €l (3-d) cl(z2-d) b delta a
1 .74828 .C7856 .£7683 .97795 .C3492
2 .72394 .07590 .07433 .97942 .03418
3 .67888 07098 .06971 .98242 .03268
4 .61925 .06441 .06258 .%8709 .C3034
5 . 55043 .05687 .05652 .99383 .02697
[ .47527 .04B€3 .04880 1.00358 .C221¢
7 .39266 .C3957 .04032 1.01898 .0244C
8 .28207 02744 .C2896 1.C5551 -.00388
9 .11707 -.00200 .012¢2 -1.40000 1.30160
10 -.20572 -.C3739 -.01646 .44011 .3B144

1.0000 2.0000 L4977 .0148

itel = 2 % cldif = 0.657950947061181068

k alphae Cl(3-d) cl(2-d) £ delta a
1 .94332 .53180 463743 .B82255 .12141
2 1.0529C .54372 .44657 .82131 12215
3 1.08C35 .54673 .44921 .B2164 .122C2
4 1.06355 .54488 .44753 .82134 .12219
5 1.01955 .5400% 44379 .82168 .12194
6 .95446 .53302 .43B36 82242 12149
7 .86726 .52383 .43109 .82344 .12088
8 .75833 .51169 .42202 .B2476 .12008
9 .62523 69721 .41083 82646 .11904
10 46455 47974 .39753 .82864 117N
1l .27204 .45882 .38149 83146 .11599
12 .04388 .434C3 .36248 .83515 .11373
13 -.22943 .40485 34383 .84852 .10456
14 -.54962 .37086 .32218 .86873 .09107
15 -.92057 .33173 .29745 .B9668 .07226
16 -1.34137 .28776 .26940 .53619 .04538
17 -1.80233 .24C39 .23867 .99284 .00620
i8 -2.25763 .19281 .19753 1.C2446 -,02C23
1 -2.64865 .14596 .14131 .96815 .C2564
20 -3.0€568 .089336 .08175 .87566 .1C369

k aiphae Cl(3-d) ¢l {2~-d) f delta a
1 .75.58 L7859 07717 L 98195 .C352%
2 .72643 07591 .07459 .98257 .€3435
3 .68001 .07099 .06982 .98360 L0327
4 .61756 .06439 .06341 .98471 .C3040
S .564395 .C5669 .C5585 .98518 .C2764
6 .46086 .04812 .04732 .98348 .C2484
7 .36406 .C3834 .03738 .97487 .C2337
8 .20747 .C23:8 .C2130 .91913 .C3754
9 1.25676 -.00492 .12832 ~1.40000 2.17633
10 .30890 -.00795 .£3172 ~1.40000 1.48621

1.0000 2.0003 .4948 0147

itel = 3 % cldiff = 0,582960434257984161

k alphae Cl(3-d) cl(2-4d) 4 delta a
1 .94956 .52884 .43795 .82814 .14921
2 1.05798 .54060 44699 .82683 .15019
3 1.08472 .54354 .44965 .82726 .14996
4 1.06804 .£4170 .44798 .82699 .15018
S 1.02411 .53693 64417 .B2724 .1499%0
6 .95%19 .52988 .43876 .82803 .14931
? .87232 .52046 .43152 .82911 .14850
8 .76393 .50870 .42248 . 052 .14745
9 .63165 .49435 41146 .F3232 .14609
10 47185 .47703 .39814 .83464 14435
1 .28048 .45629 .38219 .83762 .14210
12 .C835% L43171 .3€328 .84150 L13915
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1 -.2199¢ .40279 .34416 .85444 .12789
14 ~-.54127 .36909 .32274 .B7441 .11109
15 -.914¢€5 .33027 .2978% .901E3 .08778
16 ~1.3401% .28661 .26948 .94C24 .C5466
17 -1.80922 .23951 .23821 .99458 .00678
18 -2.26780 .18215 .19607 1.0204¢C ~.02280
19 ~2.64779 .14546 .14144 .97238 .02¢38
20 -3.04806 .09302 .08390 .90195 .1152%
K alphae Cl(3-d) cl(2-d) £ delts a
1 .75183 .07855 07717 .98237 .03523
2 .72595 .07584 07454 .9828S .03435
3 .67848 .07082 .06967 .98376 .03266
4 .61449 .064C5 .06309 .98507 .03027
5 .53866 .05604 .05531 .98698 .02725
[ .45296 .04695 .04651 . 99064 .C2331
? .35482 .03635 03643 1.0€233 .01636
8 .20634 .01851 .C2119 1.14454 -.04415%

Here the We<Ogeometric: therefore Qe is set equal to

Cgeometric-

alpeff > geomeiric alpha

9 2.00000 -.01200 .19304 -1.40000 2.£3239
i0 1.47725 -.00098 .14541 1.00000 1.11466
1.0000 2.0000 .4926 D146 .0152
itel = 4 % cldiff = 0,434468220919370651
k alphae Cl(3-4) cl{2=-d) £ gelta a
1 .95480C .52637 .43839 .83285 .17236
2 1.06229 .£3802 .44742 .83:159 .17353
3 1.c08862 .54091 .45004 .83200 .17323
) 1.07180 .53905 .44836 .83175 .17349
5 1.02800 .53430 .44449 .B3192 .17320
6 .96332 .52729 .43910 .83274 .17248
7 .87677 .51792 .43189 .83388 .17148
8 .168e9 .5062% .42290 LE3336 .17019
9 .63709 .49199 .41191 .83724 .16854
10 .47803 47479 .39866 .839€5 .16641
11 .28749 .45420 .38278 .84276 .16366
12 .062147 .42975 .36394 .84678 .16007
13 -.21238 .40108 .34468 .85936 .14708
14 -.53446 .36765 .3231% .87908 .12745
15 -.90992 .32909 .29836 .90602 .10031
16 -1.33942 .28567 .26953 .94349 .06196
17 -1.815C9 .23880 .23782 . 99589 .00696
p -2.27540 .18159 .19497 1.01763 -.02436
19 -2.64790 .14504 .14142 .9750¢% .03193
20 -3.039%03 .09274 .08519 .91864 .12119
k alphae Cl{3=-d) cl (2=-d) f delta a
1 . 75364 .07878 .£7738 .98225 .0353¢C
2 .72808 07608 .C7476 .982€9 .C3442
3 .68027 07162 .0€985 . 98355 .£3272
4 .61593 .06422 .06324 .98473 L03C34
) .52914 .05613 .05536 .98616 .£2736
€ .465136 .04694 .04634 .98731 .C2383
7 .34599 .03615 .03553 .98278 .02088
8 .11195 .01712 .01150 .67150 .13118
alpeff > geometric alpha
9 2.00000 -.011¢C3 .19304 ~1.40000 3.32443
10 1.32699 .02328 .13172 1.40000 .63586
This is a listing of the values used in calculating Cp and
Cm .
ncol xle xdist zle zdist arearat cladpt cm2dpt
1 .7382 .0615 .0000 .0000 .C3€5 .4384 -.0898
2 . 7382 .0615 .0000 .0000 .C362 L4474 -.0894
3 .7382 L0615 .0000 .0000 .C358 4500 -.0893
4 .7382 .C615 .CCC0 .0000 .o3sl L6484 ~.CB94
£} .7382 L0615 .0000 . 0000 L0342 .4445 -.0895
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11

-
i

i3
14
15
16
17
18
13
20

OWIonns

[=]

itecl =

.7382 .0615

.7382 .0615
.7382 .0615
.7382 .0615

.7382 .0615
.7382 .0615
.7382 .0615
.7382 .0615
.7382 .0615
.7382 L0615
.7382 .0615
.7382 .0615
.7382 .0615
.7382 .0615
.7382 .0615
1.5912 -.7710
1.5912 -.7710
1.5812 -.7710
1.5912 -.7710
1.5912 ~.7710
1.5912 -.7710
1.5812 -.7710
1.5912 -.7710
1.5912 -.7710
1.8912 -.7710

5

.0000
.0000
.o0ooe
.0000
.0000
.0000
.0ooC
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.4167
.4167
.4167
.4167
L4167
.4167
.4167
.4167
.4167
.4167

f =

8 cidifl

.oooe
.cooc
.0000
.ooce
.0g00
.0000
.C000
.000C
.000C
.000C
.0000C
.0C00
.0000
.0000
.0000
L4167
. 4167
L4167
L4167
L4167
L4167
.4167
L4167
. 4167
.4167
.c000

.0331 L4391 -.0897
.C318 L4319 -.0800
.C3c3 .4229 -.0903
.0287 .4119 ~.0908
.0268 .3987 -.0913
.C248 .3828 -.0919
.0226 .3639 -.0926
G203 .3447 -.0934
.0178 .3232 -.0942
.C153 . 2982 -.0952
.0126 .2695 -.0964
.0099 .2378 -.0977
.0071 .1950 -.C98%
.0043 -1414 -.0985
.0014 .0852 -.098e5
.018% .0774 -.0002
.01%0 .0748 -.0002
.0180 .0698 -.0002
.0167 .0632 -.00C3
.0149 .0554 ~.0003
0127 . D463 -.0004
.0102 .0355 -.0005
.007% .0115 -.0007
.0046 .1930 .0039
.0015 .1317 .0014
2.0000 .49%07 .0288 .G057

0.391655042767524719

This is a listing of the iteration sequence. Values given
viscous iteratin number

are:
calculation.),

waaA WO

.0000
.0116
.0066
L0058
L0043
.0039

.5068
-501¢C
. 4577
.4948
.4926
.4307

.0152
.0150
.0148
-0147
.0146
.0288

.0164
.0169
.0161
.0161
.0152
.0057

(0 is the initial inviscid

CrL aiff +Cy +,Cp ,Cum.
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